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These  properties  of  UR  AC  I8S  moke  it  first  choice 
for  (1)  Counter  tops — decorative  laminates 
bonded  to  cabinet.  (2)  Kitchen  cabinets — for 
stronger  butt  joints,  assembly  joints.  (3)  Hard- 
board  and  flush  doors — to  insure  o  sound  core. 
(4)  Dinette  tables  and  benches.  (5),  (6),  (7) 
Chopping  blocks  .  .  .  laminated  chairs  .  . 
wooden  pastry  boards.  (8)  Edge  bonding  of 
laminates. 


Where  rough  use  calls  for  tough  bonds ...  use 


Kitchen  bonds  must  stand  up  under  rough  use,  moisture 
and  heat.  That’s  why  leading  manufacturers  of  fine  wood 
products  for  America’s  kitchens  choose  Cyanamid’s  urac 
Resin  185. 

This  urea-formaldehyde  resin  adhesive  is  gap-filling,  craze- 
resistant,  fungicidal.  Moisture-resistance  tests  have  shown 
wood  will  deteriorate  before  the  urac  185  bond.  It  makes 
one  of  the  strongest  possible  joints.  It’s  easy  to  mix,  easy  to 
work  with  (sets  at  room  temperature  and  low  pressure  .  .  . 
can  also  be  used  with  strip  heating). 

Write  today  for  complete  information  on  urac  185  for 
assembly  gluing,  bonding  of  decorative  laminates  to  ply¬ 
wood  or  lumber  cores,  lumber  core  bonding,  bonding  of 
edge  veneers,  etc. 

For  the  convenience  of  those  who  do  not  require  bulk 
shipments,  URAC  185  is  available  in  55-gallon  drums  and 
in  5-gallon,  gallon,  quart  and  pint  containers  from  17 
Roddis  Plywood  warehouses. 


URAC  185 


In  Canada:  North  American  Cyonomid  Limited 

Royal  Bank  Building,  Toronto,  Canada 
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Means  Speedy  Service 
in  Snperior 

GIUES 

Wherever  you  are,  whether  you  do  furni¬ 
ture  or  plywood  gluing,  you  can  be  quickly 
supplied  with  the  best  adhesive  for  your 
needs  from  RCI’s  complete  quality  line. 

You’ll  get  fast  delivery  by  rail  tank  car 
or  highway  tank  wagon  from  the  RCI  plant 
nearest  you.  They’re  strategically  located 
north,  south,  east  and  west. 

As  befits  the  world’s  leading  manufac¬ 
turer  of  synthetic  resins,  Reichhold  gives 
you  finer  resin  adhesives  .  .  .  quality  con¬ 
trolled  from  their  basic  raw  materials 
(RCI-made  formaldehyde  and  phenol)  to 
end  product.  And,  in  addition  to  urea- 
formaldehyde,  phenol-formaldehyde  and 
resorcinol  resin  adhesives,  RCI  also  pro¬ 
duces  soybean  and  casein  glues. 

At  no  obligation,  why  not  take  advan¬ 
tage  of  our  nation-wide  field  service  offices 
to  obtain  the  expert  technical  aid  and  facil¬ 
ities  that  assure  more  efficient  production? 

REICHHOLD  CHEMICALS,  INC. 

630  Fifth  Avenue,  New  York  20,  N.  Y. 

Creative  Chemistry  .  .  .  Your  Partner  in  Progress 

REICHHO 

Synthetic  Resins  •  Chemical  Colors  •  Phenolic  Plastics  •  Phenol 
Glycerine  •  Phthalic  Anhydride  ■  Maleic  Anhydride 
Sodium  Sulfate  *  Sodium  Sulfite 
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THE  NEW  PROCTOR  TYPE  VENEER  DRYER 


With  as  much  as  four  times  the  velocity  used  in  older 
types  of  dryers,  Proctor  engineers  have  established  new 
standards  for  drying  times.  Furthermore,  the  air  is 
directed  across  both  sides  of  the  veneer  for  uniform 
drying  and  elimination  of  wet  spots.  The  controlled 
positive  exhaust  permits  the  variation  of  humidity 
within  the  dryer  to  suit  each  type  of  wood,  thereby 
minimizing  any  tendency  to  sear  or  case-harden. 

And  Proctor  advancements  have  not  stopped  here. 
By  utilizing  the  Proctor  wire-and-girt  conveyor  and  a 
hold-down  conveyor,  maximum  flatness  in  the  dried 


sheets — maximum  veneer  quality — is  assured! 

Provided  with  wide  conveyors  (up  to  18  feet).  Type 
“DA”  permits  you  to  feed  directly  from  the  flitch  for 
subsequent  matching . . .  or  you  can  feed  rotary-cut  sheets. 

From  every  standpoint,  this  machine  demonstrates 
the  value  to  you  of  Proctor  engineers’  long  and  intimate 
association  with  the  veneer  industry.  It  has  been  de¬ 
signed  in  units  which  can  be  added  to  your  original 
installation  if  your  production  needs  require. 

Backed  by  Proctor  &  Schwartz  guarantee,  of  course. 
Write  for  more  details  .  .  .  now. 


Proctor  &  Schwartz,  Inc. 

PHILADELPHIA  20,  PA. 
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YOUR  GUIDE  TO  ADHESIVES... 

The  Perkins  Trade  Mark  is  your  guarantee  of  quality  and  relia¬ 
bility  when  you  purchase  glues.  Since  1899,  customer-confidence 
in  Perkins  has  grown  steadily  — a  deserved  tribute  to  superior 
products  backed  by  competent  service  and  rigid  ethical  standards. 

When  you  use  a  Perkins  Glue  in  your  operations,  you’ll  agree 
with  other  leading  woodworkers  — /fiat  Perkins  serves  you  best! 


RESIN — Hot  Press  and  Cold  Press  •  Liquid  or  Powder  Type 
CASEIN  —  A  brood  line  to  meet  your  specific  requirement 
VEGETABLE  —  As  originated  and  perfected  by  Perkins  Glue  Co. 
ANIMAL  —  Ready-to-use  Liquid  •  Heat-then-use  Gel 

•  •  • 

VENEER  AND  CORE  REPAIR  COMPOUNDS  •  VENEER  SIZE 
GLUE  ROOM  SPECIALTIES  •  MIXERS  •  SPREADERS  •  BRUSHES 


PEPiKINS 


VEGETABLE 


eSTABLISHED  1899 


LANSDALE,  PA. 


KITCHENER,  ONT. 
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Forest  Products  Education — A  Report  and  Challenge  — ^ueil  ^Mloriat 


II  WOULD  hi:  difficult  to  outline  briefly  the  many  facets 
‘o  education  in  the  field  of  forest  products  technology. 

Pr  iiiarily  the  curricula  or  programs  at  the  various  schcxfls 
designed  to  prepare  graduates  to  fulfill  a  useful  purpose 
in  forest  industries,  or  in  governmental  or  other  research. 
Rti'ional  variation  in  the  needs  of  industry  have  resulted  in 
pr  igrams  that  differ  for  the  various  sections  of  the  country. 
Ttiere  is  general  agreement  on  the  basic  core  of  discipline, 
particularly  chemistry,  physics,  and  mathematics,  as  well  as 
fuiulamentals  of  wood  anatomy  and  properties. 

Proficiency  in  the  use  of  written  and  sjxiken  English  is  a 
constant  and  repeated  plea  from  employers  everywhere.  To 
impress  the  student  with  the  necessity  for  this  is  one  of  the 
most  difficult  instructional  problems.  The  requirement  of 
proficiency  in  English  is  alxiut  the  only  one  upon  which 
employers  are  unanimous.  Beyond  this  point  agreement 
ceases,  mainly  because  industries  vary  in  character  region¬ 
ally  and  individually.  Many  employers  recognize  that  their 
specific  tcchniquc-s  cannot  be  taught  at  the  university  level 
without  the  introduction  of  a  bewildering  array  of  tech¬ 
nique  courses  to  take  care  of  the  requirements  of  different 
industries.  It  is  generally  agreed  that  more  is  accomplished 
when  the  student  is  provided  with  a  thorough  grounding 
in  basic  sciences,  is  taught  to  think  for  himself,  to  be  self- 
reliant,  to  apply  himself  to  his  problems,  to  express  himself 
clearly  to  his  juniors  and  superiors,  and  to  get  along  with 
those  whom  he  contacts.  In  acquiring  this  training,  it  is 
essential  that  he  learn  as  much  as  possible  about  wood  as  a 
material  with  many  and  varied  uses. 

It  is  unlikely  and  indeed  undesirable  that  all  schools 
provide  a  curriculum  of  uniform  course  content.  State  sup¬ 
ported  schools  have  a  responsibility  to  industries  from  a 
particular  region.  Western  schools,  for  example,  are  more 
likely  to  emphasize  primary  manufacture  of  softwood  spe¬ 
cies,  whereas  their  eastern  counterparts  would  stress  sec¬ 
ondary  manufacture  of  both  softwoods  and  hardwoods. 
Certain  schools  have  programs  supported  by  industry,  such 
IS  the  furniture  industry,  or  the  pulp  and  paper  industry. 
These  schools  design  their  programs  to  meet  the  needs  of 
such  industries.  Others  are  only  graduate  in  character,  and 
tram  students  for  national  and  international  placement. 

Aside  from  curriculum  content  and  the  actual  training  of 
students,  several  major  problems  exist  in  the  field  of  educa¬ 
tion.  These  may  be  summarized  as  that  of  i.  encouraging 
suitable  men  to  enter  the  field  of  forest  products,  2.  ac¬ 
quainting  employers  with  the  type  of  man  available  and 
his  training,  and  3.  of  providing  the  graduate  with  a  title 
»'hosc  name  is  significant. 

The  problem  of  encouraging  suitable  men  to  enter  the 
held  of  forest  products  technology  is  one  that  requires 
imnicdiate  attention  from  the  schools  and  from  the  Society 
itselr.  J.  B.  Grantham,  Director  of  the  Oregon  Forest  Prod¬ 
ucts  Laboratory,  at  the  Memphis  meeting  of  the  Committee 
on  Hducation,  drew  attention  to  the  fact  that  young  men 
not  aware  of  the  training  offered  in  forest  products  nor 
ot  riie  opportunities  available  in  the  forest  products  indus- 
rie'  This  is  true  in  particular  of  high  school  students. 

JO  RNAL  of  FPRS 


Several  of  the  forest  schools  have  produced  brochures  illus¬ 
trating  their  facilities  for  training  men  to  enter  the  various 
aspects  of  forestry  and  forest-products  technology.  Many 
do  contact  work  with  the  high  schools,  a  time-consuming 
process.  These  are  creditable  efforts,  but  the  Committee  on 
Education  believes  that  the  ScKiety  itself  should  sponsor  a 
brochure  on  a  national  level,  to  acquaint  high  school  stu¬ 
dents  and  others  with  the  opportunities  for  technical  train¬ 
ing  in  preparation  for  a  career  in  the  forest  products  indus¬ 
tries.  This  would  be  a  major  undertaking,  requiring  the 
cooperation  of  the  schools,  industry,  and  the  Society. 

Scholarships  set  up  by  various  companie-s  offer  encour¬ 
agement  to  those  entering  the  field.  It  is  to  be  hoped  that 
many  more  are  initiated  for  high  school  graduates  and  uni¬ 
versity  graduates  and  undergraduates.  Of  a  similar  nature, 
affording  encouragement  to  students  at  the  university  senior 
and  graduate  level,  as  well  as  acquainting  industry  with  the 
quality  of  men  available,  are  the  annual  awards  made  under 
the  Wood  Award  Competition.  This  issue  of  the  Journal 
carries  three  papers  that  were  submitted  as  entries  to  this 
competition.  Their  high  calibre  attests  to  the  general  level 
of  the  papers  available  from  graduate  and  undergraduate 
students,  and  to  the  fact  that  although  insufficient  men  arc- 
entering  the  field,  those  who  have  entered  are  superior 
material. 

The  problem  of  acquainting  employers  with  the  type  of 
trained  man  available  rests  squarely  with  the  schools,  and, 
since  it  is  a  national  problem,  with  the  Society.  Universities 
cannot  operate  as  trade  schools,  yet  their  training  programs 
can  be  arranged  to  give  students  a  maximum  insight  into 
the  problems  of  and  functioning  of  the  wood  products  in¬ 
dustries.  Therefore  cooperation  between  the  two  parties  is 
necessary,  and  is  indeed  being  established  on  a  sound  basis. 
As  industry  becomes  better  acquainted  with  the  potentiali¬ 
ties  of  professionally-trained  forest-products  technologists 
the  opportunities  for  such  men  will  greatly  expand. 

Some  educators  are  concerned  with  the  fact  that  gradu¬ 
ates  from  our  forest  products  curricula  have  no  universal  or 
distinctive  title.  The  training  programs  themselves  are  so 
diverse  that  the  graduates  may  be  in  one  of  several  cate¬ 
gories.  Programs  fall  mainly  into  those  specializing  in  wood 
technology  and  those  in  w-hat  could  be  termed  wood  engi¬ 
neering.  Others  may  combine  both,  whereas  some  stress 
sales  and  other  aspects.  Although  it  would  be  desirable  to 
have  uniformity  in  the  title  of  forest-products  graduates, 
the  problem  is  not  yet  solved.  It  is  probably  of  le*ss  impor¬ 
tance  than  the  two  primary  problems  outlined  above,  that 
of  attracting  men  and  of  expanding  their  opportunities. 

The  Society  has  done  much  to  bring  the  problems  of 
education  before  those  persons  most  concerned.  There  is 
active  cooperation  between  the  ScKiety,  the  schools  and  in¬ 
dustry.  As  time  passes,  through  the  activity  of  the  member¬ 
ship,  the  profession  of  forest-products  technology  or  what¬ 
ever  names  are  adopted,  will  become  recogniz.d  as  a  senior 
profession. 

■^W.  W.  WJL^J 
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Here’s  Up-To-Date  Information 
on  Permanent,  Waterproof  Bonding 

with  PENACOLITr  RESORCINOL  ADHESIVES 


•  Koppers  has  prepared  an  in¬ 
teresting  new  booklet  which  e- 
scribes  and  illustrates  in  detail  .ne 
diversified  applications  of  the  live 
"Penacolite”  Adhesives. 

Each  of  these  adhesives  ex»vls 
in  bonding  applications  which 
include  prefabricated  housi:  g, 
television  cabinets,  water  cr.ift 
(from  minesweepers  to  pleasure 
craft),  barn  rafters,  aircraft,  crt-ss- 
arms  for  the  support  of  high-t<  n- 
sion  lines,  etc. 

It  will  pay  you  to  investigate 
popular,  waterproof  "Penacolite" 
Adhesives.  Fill  out  the  coupon  and 
send  for  your  booklet  now.  No 
obligation,  of  course. 


Company  . . . . . 

City . . . .  State 


Koppers  Company,  Inc.,  Dept.  FPRS-93 
Pittsburgh  19,  Pennsylvania 

Please  send  me  your  "Penacolite”  Booklet. 
Name  _ _ _ 1 _ 


KOPPERS 


KOPPERS  COMPANY,  INC.,  Chemical  Division 

Koppers  Building,  Pittsburgh  19,  Pennsylvania 

PENACOLITE'  RESORCINOL  ADHESIVES 


The  original  resorcinol^  waterproof,  room-temperature-setfing  adhesives 
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student  Research  - . . .  . . 

Finish  Checking  of  Hardwood  Veneered  Panels  as 
Related  to  Face  Veneer  Quality' 

BEN  A.  JAYNE  ' 

Graduate  student,  Yale  University  School  of  Forestry,  New  Haven,  Conn. 


Study  to  determine  influence  of  face  veneer  quality  on  finish 
checking  is  reported.  Methods  of  testing  as  well  as  results  are  de¬ 
scribed,  with  conclusion  being  reached  that  finish  checks  due  to 
knife  marks  may  be  either  minimized  or  completely  eliminated. 


The  finish  checking  of  hardwood 
veneered  furniture  panels  is  a 
phenomenon  long  observed  by  manu¬ 
facturers  as  well  as  consumers  of 
veneered  products.  It  has  been  ob¬ 
served  with  all  species  and  various 
types  of  finish.  Finish  checking  has 
not  been  restricted  to  the  veneered 
furniture  of  any  particular  section  of 
the  country,  but  has  occurred  over  a 
wide  range  of  geographic  and  climatic 
conditions.  In  some  cases  checking 
occurs  within  a  few  days  after  finish 
application;  in  others,  its  appearance- 
may  be  delayed  until  a  year  or  more 
after  the  product  has  been  placed  in 
service.  Although  many  types  of  finish 
checks  are  recognized,  this  paper  is 
concerned  only  with  those  that  seem 
to  be  associated  with  the  characteris¬ 
tics  of  the  face  veneer  and  specifically 
with  the  determination  of  the  influence 
of  face  veneer  quality  on  finish 
checking. 

Fig.  1  is  a  magnified  surface  view 
of  a  commercially  manufactured, 
plain-sliced  black  walnut  veneered 
night  stand  fini.shed  with  a  high  grade 
lacquer.  Finish  checks  are  elongated 
in  a  direction  parallel  to  the  grain  of 
the  face  veneer.  A  cross  section  of  this 
same  panel  showed  these  finish  checks 
to  stem  directly  from  knife  checks  in 
the  face  veneer.  Several  commercially 
manufactured  panels  of  various  types 
of  construction,  representing  differen*^ 
veneer  species  and  cutting  methods 
and  several  types  of  finish  were  ex¬ 
amined.  In  all  cases  finish  checks  were 
directly  traceable  to  lathe  or  knife 
checks  that  must  have  been  present  in 
the  face  veneer  before  finish  applica¬ 
tion. 

Literature  Review 

little  relevant  information  was 
foil  id  in  the  literature  concerning  the 
typ  of  finish  checking  with  which 
thi .  paper  deals,  however,  a  few 

'  ‘  ntered  in  Ciraiiuate  Division.  19S1  Wood 
and  \Vood  Products  Award  Contest. 


papers  are  available  that  deal  wdth 
cold  check  and  finish  craze. 

In  a  paper  dealing  with  finish 
checking  Holcombe*  presented  several 
possibilities  for  this  phenomenon.  He 
observed  that  alternating  conditions  of^ 
high  and  low  humidity  were  respon¬ 
sible  for  finish  film  fatigue  and 
eventual  rupture  over  filled  vessels  in 
sliced  walnut  veneered  panels,  and 
between  vessels  in  sliced  oak  veneered 
panels.  Panels  were  allowed  to  reach 
weight  equilibrium  in  both  the  high 
and  low  humidity  cycles.  In  addition, 
Holcombe  observed  that  panel?  as¬ 
sembled  with  the  open  face-  of  the 
veneer  exposed  exhibited  a  slightly 
greater  tendency  to  check  finishes  than 
panels  assembled  with  the  closed  fact- 
exposed.  Birch  and  maple  veneered 
panels  were  not  appreciably  affected  b)- 
relatively  severe  conditions  of  humid¬ 
ity  or  heat  (140°F),  and  high  grade 

*  Holcombe,  R.  A.  "Surface  Checking  in 
Furniture  Panels."  Journal  Forest  Products  Re¬ 
search  Society,  Vol.  II,  No.  5:  122-127. 

December  1952. 

®  As  veneer  is  peeled  from  a  log  or  sliced 
from  a  flitch,  checks  occur  on  the  knife  side  as 
a  result  of  shearing  stress  as  the  veneer  deflect, 
over  t.if  knife.  The  face  from  which  the  checks 
originate  is  referred  to  as  the  open  face. 


synthetic  varnishes  were  not  as  sub¬ 
ject  to  checking  as  lacquers  or  low 
grade  varnishes. 

BlackwelP  observed  that  finish 
checks  usually  appear,  if  at  all,  within 
a  few  days  after  finish  application.  He 
recognized  two  types  of  checking: 
that  which  occurred  at  random  in  the 
finish  running  across  as  well  as  parallel 
to  the  grain,  and  that  which  was  en¬ 
tirely  parallel  to  the  grain  and  asso¬ 
ciated  with  knife  checks  in  the  under¬ 
lying  veneer. 

Test  Variables  and  Materials 

Face  veneers  of  three  different 
species  involving  two  methods  of  cut¬ 
ting  were  investigated  in  this  study. 
These  veneers  were  rotary-cut  yellow 
birch,  plain-sliced  black  walnut,  and 
plain-sliced  white  oak. 

The  study  was  undertaken  primarily 
to  determine  the  effect  of  veneer 
quality  on  subsequent  finish  checking. 
In  order  to  investigate  this  variable 
thoroughly,  two  grades  of  veneer, 
tight  cut  and  loose  cut*,  were  em¬ 
ployed  with  either  the  open  or  closed 
faced  exposed  on  the  assembled  panel. 

In  order  to  simulate  as  nearly  as 
possible  the  materials  used  in  furni- 

®  Blackwell,  Richard.  "Checks  in  the  Finish  of 
Veneered  Surfaces."  Industrial  Finishing  23  (8): 
78-81.  1947. 

‘  Tight  and  loose  cut  refer  to  knife  check 
depth.  The  checks  of  a  loose-cut  veneer  are 
deeper  than  those  of  a  tight-cut  veneer,  but  not 
necessarily  more  numerous. 
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Figure  1 . — Surface  view  of  a  checked  lacquer  finish  on  a  commercially  manufactured  night 
stand  faced  with  plain-sliced  black  walnut.  (20X) 
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ture  manufacture,  two  typical  finishes 
were  used.  A  synthetic  alkyd-urea 
varnish  of  38  percent  solids  content 
at  time  of  application  was  applied  to 
the  walnut  and  birch  veneered  panels. 
The  second  finish,  a  high  grade 
lacquer  of  24  percent  solids  content 
at  time  of  application,  was  applied  to 
the  oak  as  well  as  to  the  walnut  and 
birch  veneered  panels. 

Half  of  the  test  specimens  were 
given  a  relatively  heavy  sanding  and 
half  a  relatively  light  sanding  in  order 
to  determine  the  effect  of  depth  of 
sanding  on  subsequent  finish  checking. 
In  addition,  the  effect  of  a  filler  was 
studied  since  a  previous  investigation’’ 
indicated  that  this  variable  had  some 
influence  on  finish  checking.  Although 
birch  is  not  considered  an  open¬ 
grained  wood,  and  therefore  is  not 
commonly  filled,  a  portion  of  the  birch 
as  well  as  of  the  walnut  and  oak 
veneered  panels  was  filled  before 
finish  application  to  permit  a  broader 
basis  for  the  study  of  this  variable. 

A  total  of  34  (10  X  30  in.)  lumber- 
core  plywood  panels  were  assembled 
and  later  cut  to  test  specimens  10-in. 
wide  and  5-in.  long  before  sanding 
and  finish  application.  Fig.  2  illustrates 
a  typical  panel  and  the  matching  of  its 
component  test  specimens.  Ten  of  the 
34  panels  were  faced  with  1/28-in. 
rotary-cut  yellow  birch,  16  with  1/28- 
in.  plain-sliced  black  walnut,  and 
eight  with  1/28-in.  plain-sliced  white 
oak.  These  veneers  were  selected 
from  a  large  group  of  commercially 
cut  stock  to  represent  a  wide  range  of 
veneer  quality  from  the  standpoint  of 
tightness  of  cut.  Core  stock  of  either 

■'  Holcombe,  op.  cit.,  p.  127. 


basswood  or  aspen  ranged  from  0.6 
to  0.9  in.  in  thickness,  and  crossbands 
were  of  l/l6-in.  rotary-cut  basswood 
or  1/20-in.  rotary  cut  yellow  poplar. 
The  backs  of  all  panels  were  1/28-in. 
rotary-cut  yellow  birch. 

Veneer  Selection 

The  tightness  or  looseness  of  cut  of 
face  veneers  was  determined  by  ob¬ 
serving  the  depth  of  checks  visible  on 
a  smoothly  cut  end-grain  surface  of 
each  veneer  sheet.  A  method  described 
by  Limbach®  involving  ink  penetra¬ 
tion  of  knife  checks  for  accurate 
measurements  of  their  depth  was  em¬ 
ployed  successfully. 

Birch  veneers  exhibiting  a  check 
depth  of  ^  to  ^  veneer  thickness, 
measured  in  a  direction  normal  to  the 
veneer  face,  were  classified  as  tight 
cut.  A  limited  number  of  birch 
veneers  with  a  check  depth  ranging 
between  ^  and  %  veneer  thickness 
were  available  and  were  classified  as 
loose  cut.  Typical  txamples  of  these 
tight-  and  loose-cut  face  veneers  are 
illustrated  in  Figs.  3-A  and  3-B 
respectively.'^ 

Such  a  definite  demarcation  between 
tightness  and  looseness  of  cut  was  not 
possible  with  the  sliced  walnut 
veneers  available  for  the  study.  Veneers 
exhibiting  checks  of  a  depth  (meas- 
uretf  normal  to  the  surface)  of  less 
than  half  the  veneer  thickness  were 
considered  tight  cut,  while  those  ex¬ 
hibiting  a  check  depth  greater  than 
half  the  veneer  thickness  were  classi- 

*  Limbach.  J.  P.  "A  Method  of  Measurin;; 
Checks  in  Veneer.”  Journal  of  Forestry,  44  (7): 
509-511.  July,  1946. 

~  This  photograph  and  the  following  ones  of 
this  type  were  taken  with  a  sample  veneer  strip 
bent  around  a  cork  of  2-in.  diameter. 


fied  as  loose  cut.  However,  the  greater 
portion  of  the  checks  in  the  tight-cut 
veneers  were  within  the  limits  of 
to  1/^  veneer  thickness  while  tlie 
greater  portion  of  checks  in  the  loose- 
cut  veneers  were  within  the  limits  of 
V2  %  veneer  thickness.  Typical  ex¬ 
amples  of  these  close  limits  are  illus¬ 
trated  in  Figs.  3-C  and  3-D  illus¬ 
trating  tight-  and  loose-cut  veneers 
respectively.  Fig.  3-E  illustrates  a 
typical  example  of  an  extremely  loo--,- 
cut  sliced  walnut  veneer.  Checks  n 
this  particular  veneer  reached  an  2  - 
erage  depth  of  %  veneer  thickm  s 
measured  in  a  direction  normal  to  f  c 
veneer  face. 

The  knife  checks  in  veneers  of  t'X' 
three  categories  tended  to  follow  t  \e 
wood  rays  and  consequently  w  e 
slightly  deeper  in  areas  where  chci  s 
and  rays  were  approximately  parall  1. 

The  sliced  oak  veneers  used  for  i  le 
study  were  somewhat  similar  to  t  le 
walnut  veneers  in  check  depth  vai  i- 
tion.  A  check  depth  of  less  than  h  If 
the  veneer  thickness  classified  i  le 
veneer  as  tight  cut,  while  a  chc  k 
depth  greater  than  half  the  veri'  .t 
thickness  classified  the  veneer  as  lot  -^e 
cut.®  Check  depth  in  the  oak  vencvrs 
was  for  the  mo.st  part  within  the  rc  .1- 
tively  close  limits  of  ^  to  ^  venter 
thickness  in  the  tight-cut  category  and 
V2  %  veneer  thickness  in  the  loO'C- 
cut  category.  Typical  examples  of 
these  two  categories  are  illustrated  in 
Figs.  3-F  and  3-G  of  tight-  and 
loose-cut  veneers  respectively. 

The  deep  knife  checks  parallel  to 
the  wood  rays  observed  in  both  tight- 
and  loose-cut  veneers  of  sliced  oak  and 
walnut  were  present  only  toward  one 
edge  of  the  open  face  of  each  plain- 
sliced  veneer  sheet.®  These  checks,  as 
mentioned  previously,  penetrated  very 
deeply  in  the  oak  veneers,  but  ex¬ 
hibited  only  a  slight  increase  in  depth 
in  the  walnut  veneers.^® 

Panel  Preparation 

Before  panel  assembly,  lumber  cores 
were  conditioned  to  a  moisture  con¬ 
tent  of  8  percent  in  a  humidity- 
controlled  cabinet  operating  at  a  tem¬ 
perature  of  140°F.  Face  and  b'ck 
veneers  as  well  as  crossbands  v  ere 
conditioned  to  a  moisture  content  of 
6  percent  in  one  day  under  conditi  ms 

**  Only  knife  checks  that  were  not  paral!  to 
the  wood  rays  were  considered  in  the  class  na¬ 
tion  of  <iak  veneers,  since  in  areas  where  the 
slope  of  checks  and  rays  was  approxin  'ely 
equal  the  checks  penetrated  to  %  veneer  f  ck- 
ness  or  more  in  depth  in  both  the  tight  ind 
loose-cut  categories. 

"  Wood  ray  slope,  as  observed  on  the  nd 
section  of  a  plain-sliced  veneer,  may  vary  '  'W 
approximately  a  45“  slope  at  one  edge  oi  the 
veneer  sheet  to  an  equal  and  opposite  slo  »t 
the  other  edge.  Therefore  knife  checks  can  l<u- 
low  the  rays  in  an  area  at  one  edge  o'  the 
veneer  only  and  will  run  across  the  rays  it  the 
other  areas  of  the  veneer. 

The  effect  of  these  deep  knife  checl  on 
subsequent  finish  checking  is  taken  up  at  b  *;th 
in  the  results. 

SEPTEMBER,  1  •'  V' 


L«g«n4: 

Light  sand  •  raaoval  of  .007  to  .011  In.  of  fact  vtnaar 
Heavy  tan<j  -  rcaoval  of  .016  to  .020  in.  of  fact  vtnaar 

Figure  2. — Veneered  panel  and  its  component  test  specimens. 


r  ^ure  3. — Cross  sections  of  representative  veneers  used  in  the  plain-sliced  block  walnut  veneer.  E.  extremely  loose-cut,  I /28-in., 

due''.  A.  tight-cut,  1 /28-in.,  rotary-cut  yellow  birch  veneer.  plain-sliced  block  walnut  veneer.  F.  tight-cut,  1 /28-in.,  ploin- 

>ose-cut,  1 /28-in.,  rotory-cul  yellow  birch  veneer.  C.  tight-cut,  sliced  while  oak  veneer.  G.  loose-cut,  1 /28-in.,  plain-sliced  white 

W2^-in.,  plain-sliced  block  walnut  veneer.  D.  loose-cut,  1 /28-in.,  oak  veneer.  (20X) 
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of  40  percent  relative  humidity  at  a 
temperature  of  140°F.  Bonding  was 
accomplished  with  a  room-temperature 
setting  urea-formaldehyde  resin  in  a 
screw-type  press  delivering  150  p.s.i. 

Each  (10  X  30  in.)  panel  was  di¬ 
vided  into  six  test  specimens  (10  x  5 
in.)  as  illustrated  in  Fig.  2.  Specimens 
of  this  size  were  sanded  in  a  Sheboy¬ 
gan  endless  bed  drum  sander  with  the 
following  abrasives: 


Drum  no.  Grit  size 

1  _  .  36  aluminum  oxide 

2  _  60  aluminum  oxide 

3  _ _ _ _ 180  aluminum  oxide 


Heavily  sanded  specimens  were  ob¬ 
tained  by  taking  very  light  cuts  on  the 
No.  1  and  No.  2  drums,  removing 
from  .016  to  .020  in.  of  the  face 
veneer.  Lightly  sanded  specimens 
were  obtained  by  taking  very  light 
cuts  on  the  No.  2  and  No.  3  drums, 
removing  from  .008  to  .010  in.  of  the 
face  veneer.  This  schedule  removed 
approximately  I/2  the  face  veneer 
thickness  of  the  heavily  sanded  speci¬ 
mens  and  Yi  *^he  face  veneer  thickness 
of  the  lightly  sanded  specimens. 

A  producer  of  high  quality  veneered 
furniture  cooperated  in  applying  the 
two  finishes  required  for  the  study. 
The  .schedule  for  finishing  of  unfilled 
specimens  with  the  synthetic  alkyd- 
urea  varnish  was  as  follows: 

1.  One  coat  of  non-stearated  sealer 
of  18  percent  solids  with  a  film 
thickness  of  .0011  in. 

2.  Scuff  sanded  with  silicon  carbide, 
220  grit,  "A”  weight,  finishing 
paper. 

3.  One  coat  of  alkyd-urea  varnish 
of  38  percent  solids  with  a  film 
thickness  of  .0022  in. 

4.  Force  dried  4  hours  at  116°F 
and  30  percent  relative  humidity. 

The  filled  specimens  were  finished 
in  the  same  manner  described  above 
after  application  of  a  wash  coat  of 
negligible  film  thickness,  scuff  sand¬ 
ing  as  described  in  step  No.  2  above, 
and  application  and  drying  of  the 
walnut  colored  filler  (mineral  spirits 
soluble).  This  synthetic  varnish  finish 
^  was  applied  to  panels  veneered  with 
birch  and  walnut  of  the  qualities 
illustrated  in  Figs.  2-A,  2-B,  2-C, 
and  2-D  respectively. 

The  .schedule  for  finishing  of  un¬ 
filled  specimens  with  the  high  grade 
lacquer  was  as  follows: 

1.  One  coat  of  non-stearated  sealer 
of  23  percent  solids  and  a  film 
thickness  of  .001  in. 

2.  Scuff  sanded  with  silicon  carbide, 
220  grit,  "A”  weight,  finishing 
paper. 

3.  One  coat  of  lacquer  of  24  per¬ 
cent  solids  and  a  film  thickness 
of  .002  in. 


4.  Air  dried  24  hours  at  75  °F  and 
20  percent  relative  humidity. 

The  filled,  lacquered  specimens 
were  finished  by  the  same  schedule 
shown  above  after  application  of  a 
wash  coat  of  7  percent  solids  content 
with  negligible  film  thickness,  scuff 
sanding  as  described  in  step  No.  2 
above,  and  application  and  drying  of 
a  natural  filler  (mineral  spirits  solu¬ 
ble).  This  lacquer  finish  was  used  on 
specimens  veneered  with  sliced  wal¬ 
nut  of  the  qualities  illustrated  in  Figs. 
2-C  and  2-E,  rotary-cut  birch  of  the 
quality  illustrated  in  Fig.  2-A,  and 
sliced  oak  of  the  qualities  illustrated 
in  Figs.  2-F  and  2-G. 

After  finishing,  all  test  specimens 
were  given  three  separate  edge  coat¬ 
ings  of  Angier  log  sealer“  to  prevent 
any  rapid  loss  or  gain  of  moisture  by 
end-grain  surfaces.  Specimens  edge 
coated  in  this  manner  could  then  be 
likened  to  small  sections  of  large 
veneered  surfaces  when  subjected  to 
test  cycles. 

Testing 

Test  conditions  were  selected  in  an 
effort  to  duplicate  as  nearly  as  possible 
under  an  accelerated  schedule,  the 
seasonal  moisture  variations  encoun¬ 
tered  in  interior  woodwork  in  many 
parts  of  the  United  States.^-  Test 
specimens  were  subjected  to  some  or 
all  of  15  complete  cycles  of  high  and 
low  humidity  to  simulate  these  con¬ 
ditions.  The  15  test  cycles  were  as 
follows: 

1.  A  high  humidity  half  cycle  at 
a  relative  humidity  of  80  per¬ 
cent  and  temperature  of  110°F 
for  eight  days  followed  by  a 
low  humidity  half  cycle  at  a 
relative  humidity  of  28  per¬ 
cent  and  a  temperature  of 
110°F  for  eight  days.  Speci¬ 
men  moisture  content  was 
found  to  vary  between  5  and 
13  percent  during  the  course 
of  the  cycle. 

2.  A  high  humidity  half  cycle  at  a 
relative  humidity  of  80  percent 
and  temperature  of  100°F  for 
48  hours  followed  by  a  low 
humidity  half  cycle  at  a  relative 
humidity  of  20  percent  and  a 
temperature  of  100°F  for  48 
hours.  Face  veneer  moisture 
content  was  found  to  vary  be¬ 
tween  5  and  10.5  percent  dur¬ 
ing  the  course  of  this  cycle  and 
the  following  four  cycles. 

Angier  log  sealer  No.  SB-^25,  this  is  a 
.sealing  compound  manufactured  by  Angier 
Products  Inc. 

“  Peck,  E.  C.  "Moisture  Content  of  Wood 
in  Use."  For.  Prod.  Ijb.  Kept.  16sy,  Madison, 
19S0. 


3.  Same  as  No.  2. 

4.  Same  as  No.  2. 

5.  Same  as  No.  2. 

6.  Same  as  No.  2. 

7.  An  aging  period  at  a  relati\e 
humidity  of  11  percent  and  a 
temperature  of  105  °F  for  s;x 
weeks. 

8.  A  high  humidity  half  cycle  it 
a  relative  humidity  of  80  p.  r- 
cent  and  a  temperature  ,4' 
100°F  for  72  hours  follovij 
by  a  low  humidity  half  cycle  it 
a  relative  humidity  of  20  per¬ 
cent  and  a  temperature  f 

*100°F  for  72  hours.  Face  .  - 
neers  of  the  test  specimens 
were  observed  to  vary  betwi  n 
5  and  11  percent  during  •  ic 
course  of  this  cycle  and  '  le 
following  seven  cycles. 

9.  Same  as  No.  8. 

10.  Same  as  No.  8. 

11.  Same  as  No.  8. 

12.  Same  as  No.  8. 

13.  Same  as  No.  8. 

14.  Same  as  No.  8. 

15.  Same  as  No.  8. 

Testing  of  specimens  was  conduci-.d 
in  a  temperature-  and  humidity- 
controlled  cabinet  in  which  the  fie- 
sired  conditions  could  be  maintain  J. 
At  the  completion  of  each  half  cyile, 
moisture  content  of  face  veneers  v  is 
determined  by  oven-drying  sections  of 
sample  panels.  Test  specimens  wvre 
examined  under  low  angle  lighting  at 
the  completion  of  each  half  cycle.  Any 
specimen  exhibiting  surface  irregu¬ 
larities  was  examined  on  the  smoothly 
cut  end-grain  surface  of  the  face 
veneer. 

Results 

Birch  Veneered  Panels:  The  birch- 
veneered  test  specimens  finished  with 
the  synthetic  varnish  were  subjected 
to  Cycle  Nos.  1  through  15.  At  the 
end  of  two  days  exposure  to  the  high 
humidity  half  of  the  first  cycle,  test 
specimens  faced  with  loose-cut  ve¬ 
neers'®  exhibited  surface  irregularities 
that  took  the  form  of  long  ricUes 
running  parallel  to  the  grain  of  'he 
veneer. 

The  ridges  were  most  numerou*-  in 
those  specimens  assembled  with  ‘he 
closed  face  of  the  veneer  exposed  nd 
given  a  heavy  sanding  and  in  tl  >se 
specimens  assembled  with  the  Oi  vn 
face  of  the  veneer  exposed  and  gi  en 
a  light  sanding.  The  remaining  -st 
specimens  faced  with  loose-cut  e- 
neers  developed  extremely  few  ric  ;es 
whether  assembled  with  the  ch  vd 
face  of  the  veneer  exposed  and  gi  en 

Illustrated  in  Fig.  2-B. 


10 


SEE  T  EMBER,  1'53 


a  light  sanding  or  assembled  with  the 
ci:)en  face  of  the  veneer  exposed  and 
<  ,ven  a  heavy  sanding.  After  six 
a  Iditional  days  of  exposure,  com- 
p.eting  the  high  humidity  half  of  the 
1  St  cycle,  the  ridges  became  much 
r  ore  prominent  both  in  height  and 
1  .ogth.  Sections  cut  at  this  time  expos¬ 
ing  the  end-grain  surface  of  the  face 
\  neer  revealed  that  the  ridges  in  the 
f,  lish  occurred  directly  over  lathe 
c’  ecks  in  the  face  veneer. 

At  the  completion  of  two  days  ex- 
p  ;sure  to  the  low  humidity  half  of 
ti:e  first  cycle  the  ridges  in  the  finish 
or  panels  faced  with  loose-cut  veneers 
developed  into  finish  checks.  A  cross- 
sictional  surface  of  a  typical  finish- 
cliecked  loose-cut  birch  veneered  spcci- 
n'.en  is  illustrated  in  Fig.  4.^*  This 
p.:rticular  specimen  was  assembled 
with  the  closed  face  of  the  veneer 
exposed.  Lathe  checks,  exposed  on  the 
surface  of  the  veneer  by  a  heavy  sand¬ 
ing,  were  responsible  for  development 
of  checks  in  the  finish.  In  all  cases 
checks  in  the  finish  of  specimens  faced 
with  loose-cut  birch  veneers  were 
directly  traceable  to  lathe  checks  in 
the  face  veneer. 

After  exposure  to  Cycle  Nos.  1 
through  15,  test  specimens  faced  with 
tight-cut  veneers'®  and  finished  with 
the  synthetic  varnish  remained  en¬ 
tirely  free  of  finish  checks  whether 
assembled  with  the  open  or  closed  face 
exposed  or  given  a  light  or  heavy 
sanding.  A  cross  section  of  a  typical 
specimen  assembled  with  the  open  face 
of  a  tight-cut  veneer  exposed  and 
given  only  a  light  sanding  is  illus¬ 
trated  in  Fig.  5.  There  are  no  lathe 
checks  or  finish  checks  visible  in  this 
cross  section. 

The  same  general  behavior  described 
in  the  preceding  paragraph  was  ob¬ 
served  with  specimens  faced  with 
tight-cut  birch  veneers  and  finished 
with  the  lacquer.  Regardless  of  the 
variables  of  construction,  these  panels 
remained  entirely  free  of  finish  checks 
after  exposure  to  Cycle  Nos.  8 
through  15. 

In  no  case  was  the  action  of  filler 
in  exposed  vessels  of  the  face  veneer 
observed  to  be  responsible  for  the 
development  of  finish  checks. 

Oak  Veneered  Panels:  Sliced  oak 
veneered  test  specimens  were  finished 
only  with  the  lacquer  and  were  sub¬ 
jected  to  Cycle  Nos.  8  through  15. 
Sesenty  percent  of  the  test  specimens 
had  developed  minute  ridges  parallel 
to  'he  grain  of  the  face  veneer  at  the 

"  Sections  of  this  type  were  prepared  by 
dan.i-ening  the  surface  and  allowing  it  to  dry. 
Ihi  caused  the  knife  checks  to  open  slightly 
for  better  observation,  but  in  no  case  was 
tesp  nsible  for  the  development  of  additional 
I'll  checks. 

'  llustrated  in  Fig.  J-A. 
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Figure  4. — Cross  section  of  o  specimen  faced  with  o  loose-cut  birch  veneer  having  the  closed 
face  exposed  and  given  a  heavy  sanding.  The  varnish  finish  is  checked.  (20X) 


Figure  5. — Cross  section  of  a  tight-cut  birch  veneered  specimen  assembled  with  the 
open  face  exposed  and  given  a  light  sanding.  No  knife  checks  or  finish  checks  ore  visible. 
(20X) 


Figure  6. — Cross  section  of  o  checked  lacquer  finish  on  a  specimen  faced  with  o  tight-cut 
oak  veneer  in  on  area  where  knife  checks  and  wood  rays  ore  parallel.  The  specimen  was 
assembled  with  the  closed  face  of  the  veneer  exposed  and  given  a  light  sanding.  (20X) 
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completion  of  the  high  humidity  half 
of  Cycle  No.  8.  On  a  cross  section 
exposing  the  end-grain  surface,  these 
ridges  were  observed  to  occur  directly 
over  knife  checks  in  the  face  veneer. 

At  the  end  of  the  low  humidity  half 
of  this  cycle,  the  ridges  previously 
observed  had  developed  into  finish 
checks.  At  the  completion  of  the  low 
humidity  half  of  Cycle  No.  10,  every 
test  specimen  had  developed  finish 
checks  in  some  portion  of  the  panel 
face. 

Regardless  of  the  variables  of  con¬ 
struction  of  the  test  specimens,  checks 
occurred  in  the  finish  of  every  speci¬ 
men  over  that  portion  of  the  face  ve¬ 
neer  in  which  knife  checks  and  wood 
rays  were  approximately  parallel.  In 
every  instance  these  finish  checks  were 
observed  to  occur  directly  over  knife 
checks  in  the  face  veneer.  Checks  of 
this  type  in  the  finish  of  a  specimen 
assembled  with  the  closed  face  of  a 
tight-cut  veneer  exposed  and  given  a 
light  sanding  are  illustrated  in  cross 
section  in  Fig.  6. 

Checks  in  the  finish  of  specimens 
faced  with  tight-cut  veneers,^**  in  sec¬ 
tions  of  the  face  veneer  where  knife 
checks  and  wood  rays  were  not  paral¬ 
lel,  were  confined  for  the  most  part 
to  those  specimens  assembled  with 
the  open  face  of  the  veneer  exposed 
and  given  a  light  sanding.  Surface  and 
cross-sectional  views  of  a  test  speci¬ 
men  of  this  type  are  illustrated  in 
Figs.  7  and  8  respectively. 

Specimens  assembled  with  the  open 
face  of  a  tight-cut  veneer  exposed  and 
given  a  heavy  sanding  were  free  of 
finish  checks  in  comparable  areas  of 
the  face  veneer.  Fig.  9  illustrates  in 
cross  section  a  typical  specimen  of  this 
type.  In  addition,  test  specimens 
assembled  with  the  closed  face  of  a 
tight-cut  veneer  exposed  and  given  a 
light  sanding  developed  no  finish 
checks  over  areas  of  the  face  veneer 
where  knife  checks  and  wood  rays 
were  not  parallel.  Finish  checking  in 
comparable  areas  of  specimens  of 
similar  assembly  which  were  given  a 
heavy  sanding  were  present  in  minor 
numbers. 

On  the  other  hand,  both  lightly 
and  heavily  sanded  specimens  assem¬ 
bled  with  the  open  face  of  loose-cut 
veneer''  exposed  developed  finish 
checks  even  in  areas  where  knife 
checks  and  wood  rays  were  not  paral¬ 
lel.  The  frequency  of  finish  checks 
occurring  in  the  heavily  sanded  speci¬ 
mens,  however,  was  somewhat  less 
than  that  occurring  in  the  specimens 
given  a  light  sanding.  Specimens 
assembled  with  the  closed  face  of  a 
loose-cut  veneer  exposed  also  devel- 

Illustrated  in  Fig.  J-F. 

Illustrated  in  Fig.  3-G. 


Oped  finish  checks  in  areas  where 
knife  checks  and  wood  rays  were  not 
parallel  if  given  a  heavy  sanding.  A 
light  sanding  of  specimens  of  similar 
construction,  however,  exposed  rela¬ 
tively  few  knife  checks  and  finish 
checking  was  minimized. 

The  majority  of  finish  checks  by 
far  were  directly  traceable  to  knife 
checks  in  the  face  veneer  of  test 
specimens.  In  a  relatively  few  cases  a 
finish  check  was  observed  to  occur 
over  a  large  exposed  vessel  at  the 
veneer  surface.  These  were  extremely 
few  in  number  and  comprised  but  a 
small  portion  of  the  total  number  of 
finish  checks  in  the  oak  specimens. 

Filled  test  specimens  developed  a 
sunken  condition  in  the  finish  film 
over  exposed  filled  vessels  at  the  end 
of  low  humidity  half  cycles.  At  the 
completion  of  high  humidity  half 
cycles,  no  extreme  swelling  of  the  filler 
to  develop  ridge's  in  the  finish  was 


observed,  although  the  sunken  condi¬ 
tion  was  slightly  relieved.  In  no  case, 
however,  was  this  slight  swelling  and 
shrinking  of  the  filler  in  exposed  \vS- 
sels  observed  to  be  responsible  lor 
the  development  of  finish  checks  in 
these  test  specimens. 

Walnut  Veneered  Panels:  Fin  sh 
checks  which  occurred  in  this  group 
of  panels  were  traceable  to  two  cau  .s. 
Knife  checks  in  the  face  veneer  v  re 
by  far  responsible  for  the  grea'  st 
portion  of  checks  occurring  in  eit  er 
type  of  finish  over  tight-  or  loose  ut 
face  veneers.  The  second  cause,  wh  :h 
constituted  a  relatively  small  nun  er 
of  finish  checks,  was  traceable  to  m 
occasional  large  exposed  vessel  o  a 
large  vessel  immediately  beneath  he 
veneer  surface.  This  discussion  of  re¬ 
sults  will  be  mainly  concerned  v.  th 
finish  checks  occurring  over  ki  fe 
checks  in  the  face  veneer. 
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Figure  9. — Cross  section  of  a  tight-cut  oak  veneered  specimen  assembled  with  the  open 
face  exposed  and  given  a  heavy  sanding.  No  knife  checks  or  finish  checks  are  visible.  (20X) 
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Figure  10. — Cross  section  of  a  specimen  faced  with  an  extremely  loose-cut  walnut  veneer 
having  the  closed  face  exposed  and  given  a  light  sanding.  The  lacquer  finish  is  checked. 


Specimens  faced  with  tight-cut  ve¬ 
neers  similar  to  the  quality  illustrated 
11  Fig.  3-C  were  finished  with  both 
me  synthetic  varnish  and  lacquer, 
.^mce  the  character  of  checking  occur- 
r  ng  in  either  finish  of  this  group  of 
f  ecimens  was  essentially  the  same,  a 
I  ;scussion  of  causes  will  combine  both 
I  aishes.  No  direct  comparison  of  the 
f  lative  check  resistance  of  the  two 
l!  fishes  will  be  made,  however,  since 
t^e  test  conditions  employed  for  each 
fiaish  were  not  comparable. 

The  tight-cut  veneered  specimens 
finished  with  the  synthetic  varnish 
,re  subjected  to  Cycle  Nos.  1  through 
1  \  Finish  checking  was  observed 
after  the  completion  of  Cycle  No.  4. 
Lxquer  finished  specimens  of  com- 
p.  rable  face  veneer  quality  were  ex¬ 
posed  to  Cycle  Nos.  8  through  15 
and  developed  finish  checks  after  the 
completion  of  Cycle  No.  12. 

Although  the  surface  appearance 
of  the  checks  in  either  finish  did  not 
appear  to  grow  appreciably  worse 
after  several  additional  cycles  of  ex¬ 
posure,  the  number  of  checks  in  the 
finish  of  each  specimen  increased  with 
each  succeeding  cycle.  The  relatively 
small  amount  of  checking  that  did 
occur  •  in  the  finish  of  tight-cut 
veneered  specimens  was  confined,  for 
the  most  part,  to  areas  where  knife 
checks  and  wood  rays  were  parallel 
in  the  face  veneers;  these  specimens 
had  been  assembled  with  the  closed 
face  exposed  and  given  a  heavy  sand¬ 
ing  or  with  the  open  face  exposed 
and  given  a  light  sanding.  In  the  first 
case  a  heavy  sanding  was  responsible 
for  exposing  knife  checks  which  were 
parallel  to  the  wood  rays  and  there¬ 
fore  slightly  deeper  than  other  checks 
in  the  veneer.  In  the  second  case  a 
light  sanding  failed  to  remove  enough 
of  the  deeper  checks  parallel  to  the 
rays  to  control  checking.  Consequently, 
finish  checks  occurred  over  each  knife 
check  exposed  on  the  face  veneer 
surface.  Other  knife  checks  which 
were  not  parallel  to  the  rays  were 
occasionally  responsible  for  finish 
checks  in  specimens  of  similar  con¬ 
struction,  but  this  was  the  exception 
rather  than  the  rule. 

Specimens  faced  with  tight-cut  ve¬ 
neers  assembled  with  the  closed  face 
exposed  and  given  a  light  sanding  or 
with  the  open  face  exposed  and  given 
a  heavy  sanding  developed  practically 
no  finish  checks  whatsoever.  Knife 
checks  were  not  exposed  by  the  light 
sanding  of  the  closed  face  and  were 
ren  oved  by  a  heavy  sanding  of  the 
op(  ii  face  of  the  veneer. 

Specimens  faced  with  loose-cut  ve¬ 
neers  similar  to  the  type  illustrated  in 
Fig  3-D  were  finished  with  the  syn- 
thfc  c  varnish  and  subjected  to  Cycle 


(20X) 

Nos.  1  through  15.  Finish  checks 
appeared  after  completion  of  Cycle 
No.  4  and  increased  in  number  in 
each  checked  specimen  with  each  suc¬ 
ceeding  cycle.  Checks  were  most 
prevalent  in  the  finish  of  those  speci¬ 
mens  assembled  with  the  closed  face 
of  the  loose-cut  veneer  exposed  and 
given  a  heavy  sanding  or  specimens 
assembled  with  the  open  face  of 
similar  veneers  exposed  and  given  a 
light  sanding.  In  the  first  case  knife 
checks  were  exposed  on  the  veneer 
face  by  a  heavy  sanding  and  in  the 
second  a  light  sanding  failed  to  re¬ 
move  knife  checks  exposed  by  the 
method  of  assembly.  In  both  cases 
checks  in  the  finish  occurred  directly 
over  knife  checks  in  the  face  veneer. 
Although  finish  checks  were  slightly 
more  severe  and  numerous  over  areas 
of  the  face  veneer  where  knife  checks 
and  wood  rays  were  approximately 
parallel,  they  were  not  necessarily  re¬ 
stricted  to  these  areas  as  was  observed 
in  the  case  of  tight-cut  veneers. 


A  heavy  sanding  of  specimens  faced 
with  loose-cut  veneers  having  the 
open  face  exposed  or  a  light  sanding 
of  specimens  assembled  with  the 
closecl  face  of  veneers  of  similar 
quality  exposed  was  responsible  for 
controlling  subsequent  finish  check¬ 
ing  to  some  degree.  A  heavy  sanding 
practically  removed  knife  checks  ex¬ 
posed  by  the  method  of  construction 
in  the  former  case  while  a  light  sand¬ 
ing  did  not  remove  sufficient  material 
from  the  closed  face  of  the  latter  to 
expose  a  large  number  of  knife 
checks. 

Specimens  faced  with  extremely 
loose-cut  veneers  similar  to  the  type- 
illustrated  in  Fig.  3-E  were  finished 
with  the  lacquer  and  subjected  to  Cycle 
Nos.  8  through  15.  Checks  appeared 
in  the  finish  of  all  specimens  regard¬ 
less  of  the  variables  of  construction 
after  completion  of  Cycle  No.  12.  Spec¬ 
imens  assembled  with  the  open  face 
of  the  veneer  exposed  developed  finish 
checks  whether  given  a  light  or  heavy 
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sanding,  however,  checking  was  more 
severe  and  frequent  in  those  speci¬ 
mens  given  a  light  sanding  than  those 
given  a  heavy  sanding.  Specimens  as¬ 
sembled  w'ith  the  closed  face  of  com¬ 
parable  veneers  exposed  also  developed 
finish  checks  whether  given  a  light 
or  heavy  sanding,  but  as  would  be 
expected  from  the  previous  discus¬ 
sion,  those  given  a  light  sanding  de¬ 
veloped  fewer  and  less  severe  finish 
checks  than  those  given  a  heavy  sand¬ 
ing.  A  cross-section  of  a  typical  finish 
checked,  specimen  assembled  with  the 
closed  face  of  an  extremely  loose-cut 
veneer  exposed  and  given  a  light  sand¬ 
ing  is  illustrated  in  Fig.  10.  These 
specimens  were  lacquer  finished.  In  all 
cases,  finish  checks  were  directly 
traceable  to  knife  checks  exposed  at 
the  surface  of  the  veneer. 

A  less  frequent  type  of  finish  check 
occurring  in  both  the  varnish  and 
lacquer  finishes  applied  to  the  walnut 
veneered  specimens  appeared  directly 
over  exposed  vessels  at  the  veneer  sur¬ 
face  or  vessels  immediately  beneath 
the  veneer  surface.  Evidently,  work¬ 
ing  of  wood  fibers  on  either  side  of 
vessels  with  changing  moisture  con¬ 
tents  caused  the  former  finish  checks, 
while  the  same  behavior  was  responsi¬ 
ble  for  opening  a  split  to  the  veneer 
surface  in  the  latter  w'hich  then  oper¬ 
ated  essentially  as  a  knife  check.  Al¬ 
though  no  count  was  made  of  the 
number  of  checks  occurring  in  the 
finish  of  walnut  veneered  specimens, 
it  can  safely  be  said  that  knife  checks 
exposed  by  methods  of  panel  assembly 
or  by  a  heavy  sanding  were  responsi¬ 
ble  for  at  least  90  percent  of  the  finish 
checks  that  occurred.  In  no  case  was 
the  action  of  filler  in  exposed  vessels 
observed  to  be  responsible  for  the  de¬ 
velopment  of  checks  in  either  the 
lacquer  or  varnish  finish. 

The  severity  of  finish  checking  in 
the  walnut  veneered  specimens  was 
never  as  pronounced  as  that  observed 
in  either  the  birch  or  oak  veneered 
specimens.  This  difference  cannot  be 
attributed  to  veneer  quality  since  the 
depth  of  knife  checks,  especially  in 
the  loose-cut  categories,  was  quite 
comparable  in  all  three  species  in¬ 
vestigated.  An  explanatvion  may  lie  in 
a  comparison  of  shrinkage  values  of 
the  three  species  from  a  green  to 
oven-dry  condition  based  on  green 
dimensions: 

ShrinkaKi*.  perc-ent 

SptK-ies  Radial  Tangential 


YpIIow  birrh  . 

7.2 

9.2 

White  oak  ...  _ 

.S..^ 

9.0 

Blark  walnut . . 

5 .2 

7.1 

Maximum  shrinkage  which  occurs  in 
the  tangential  plane  is  seen  to  be  .sub¬ 
stantially  greater  in  white  oak  and 
yellow  birch  than  in  black  walnut. 


Since  checks  in  the  finish  of  the  ve¬ 
neered  specimens  can  be  attributed  to 
a  working  of  the  wood  on  either  side 
of  an  exposed  knife  check  or  vessel, 
the  lower  shrinkage  value  for  black 
walnut  may  explain  the  reduced  se¬ 
verity  of  finish  checks  observed  in 
specimens  veneered  with  this  species. 

Conclusions 

1.  Checks  in  the  lacquer  or  syn¬ 
thetic  varnish  finish  of  panels  veneered 
with  rotary-cut  yellow  birch,  plain- 
sliced  black  walnut,  and  plain-sliced 
white  oak  selected  from  commercially- 
cut  stock  representing  a  wide  range  of 
veneer  quality,  appeared  after  being 
subjected  to  conditions  of  alternating 
high  and  low  humidity.  The  finish 
checks  were  observed  to  stem  from 
two  causes: 

a.  knife  checks  exposed  at  the  ve¬ 
neer  surface  by  the  method  of 
assembly  or  by  heavy  sanding. 

b.  large  vessels  exposed  at  the  ve¬ 
neer  surface  or  immediately  be¬ 
neath  the  surface. 

Of  the  two  causes,  the  former  were 
by  far  more  prevalent  with  veneers 
of  the  qualities  used  in  this  study,  and 
were  responsible  for  at  least  90  per¬ 
cent  of  the  total  number  of  finish 
checks  observed.  Checks  resulting 
from  the  latter  were  present  only  in 
panels  faced  with  walnut  and  oak  ve¬ 
neers  and  were  at  the  most  of  minor 
importance. 

2.  Checks  in  the  finish  of  panels 
faced  with  tight-cut  veneers  (as  de¬ 
fined  in  this  study)  may  be  eliminated 
by  the  following  combinations  of  as¬ 
sembly  and  depth  of  sanding: 

a.  either  a  light  or  heavy  sanding 
of  birch  veneered  panels  having 
either  the  open  or  closed  face  of 
the  veneer  exposed. 

b.  a  light  sanding  of  oak  and  wal¬ 
nut  veneered  panels  having  the 
closed  face  of  the  veneer  ex¬ 
posed,  or  a  heavy  sanding  of 
comparable  panels  assembled 
with  the  open  face  exposed.  In 
the  case  of  oak  the  preceding 
combinations  are  applicable  only 
to  areas  of  panels  in  which  knife 
checks  run  across  the  wood  rays. 

.7.  Checks  in  the  finish  of  panels 
faced  with  loose-cut  veneers  of  birch, 
oak,  and  walnut  may  be  minimized 
by  a  light  sanding  of  panels  assem¬ 
bled  with  the  closed  face  of  the  ve¬ 
neer  exposed  or  a  heavy  sanding  of 
panels  having  the  open  face  of  the 
veneer  expo.sed. 

The  combinations  set  forth  in  the 
above  paragraphs  were  found  to  either 
eliminate  or  minimize  finish  checking 
caused  by  knife  checks.  Their  princi¬ 


ple  is  that  of  preventing  or  minimiz¬ 
ing  the  exposure  of  knife  checks  at 
the  veneer  surface  by  controlling  the 
depth  of  sanding  of  either  the  open 
or  closed  face. 

4.  The  following  combinations  of 
assembly  and  depth  of  sanding  ha-.e 
been  observed  to  result  in  large  num¬ 
bers  of  checks  in  the  fini.sh  of  \e- 
neered  panels  and  are  to  be  avoided 
if  finish  checking  is  to  be  controlled. 

a.  light  sanding  of  loose-cut  bir.h 
veneered  panels  having  the  op.n 
face  of  the  veneer  exposed  or 
a  heavy  sanding  of  compara!  Ic 
panels  assembled  with  the  do  .d 
face  exposed. 

b.  a  light  sanding  of  tight-  ,)r 
loose-cut  oak  veneered  pai:ds 
having  the  open  face  of  the  e- 
neer  exposed  or  a  heavy  sand  ig 
of  loose-cut  oak  veneered  pa '  Is 
having  the  closed  face  expo  d. 

c.  a  light  sanding  of  loose-cut  v  .il- 
nut  veneered  panels  having  iie 
open  face  of  the  veneer  expo  ..d 
or  a  heavy  sanding  of  comp  a- 
ble  panels  assembled  with  lie 
closed  face  exposed. 

d.  either  a  light  or  heavy  santi.ag 
of  panels  faced  with  extren  dy 
loose-cut  veneers  as  illustra  cd 
in  Fig.  3-E,  assembled  v  ith 
either  the  open  or  closed  face- 
exposed. 

In  all  cases  the  conclusions  drawn 
in  the  proceeding  four  sections  are 
applicable  only  to  the  qualities  of  ve¬ 
neer  and  experimental  variables  used 
in  this  study. 

5.  Knife  check  depth  in  plain-slued 
veneers  is  minimized  in  areas  where 
the  checks  run  across  the  wood  rays 
and,  therefore,  have  less  opportunity 
to  follow  the  rays  and  penetrate 
deeply  into  the  veneer.  Checks  in  the 
finish  of  tight  cut  veneered  panels  over 
areas  of  this  type  assembled  in  the 
manner  described  in  paragraph  No.  2 
(b)  will  be  eliminated. 

6.  In  no  instance  was  the  effect  of 
the  filler  (mineral  spirits  soluble)  in 
vessels  exposed  at  the  veneer  surface- 
observed  to  be  responsible  for  the  de¬ 
velopment  of  finish  checks,  and  only 
in  the  case  of  oak  veneered  specin  -ens 
was  the  expansion  and  contractioi  of 
filler  with  changing  moisture  on- 
tents  observed  to  cause  a  slight  t'ex- 
ing  of  the  fini.sh  film. 

Summary 

An  investigation  was  undertake  to 
determine  specifically  the  effect^  of 
veneer  quality  (as  measured  by  t  fit¬ 
ness  of  cut),  assembly  methods,  d  •'th 
of  sanding,  and  presence  or  abs  ice 
of  filler  on  the  subsequent  f'  'sh 
checking  of  lumber  core  plywood  .  an- 
( Continued  on  page  91) 
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The  art  of  gluing  wood  is  beset  by  factors  which  are  largely 
unassessable  because  they  are  uncontrollable  in  experiments.  One  of 
these  factors  is  glue  line  thickness.  Hence,  knowledge  of  the  tolerance 
of  glue  to  glue  line  thickness  is  valuable  information  for  proper  use 
of  adhesives. 

The  characteristics  of  thick  glue  lines  are  described  in  terms  of 
the  activity  of  the  adhesive.  Factors  that  must  be  controlled  in  a  method 
for  observing  gap-filling  properties  are  thus  defined  and  reduced  to 
( 1 )  absolute  fluid  pressure  on  the  adhesive,  ( 2 )  thickness  of  the 
adhesive  layer,  and  (3)  rigidity  of  the  bonded  members. 

A  method  is  described  whereby  these  factors  are  brought  under 
positive  independent  control.  Data  is  presented  showing  the  behavior 
of  typical  assembly  adhesives  as  they  react  to  the  imposed  conditions 
of  test.  Results  appear  to  indicate  that  useful  criteria  of  gap-filling 
properties  may  be  obtained. 


Despiti:  the  advances  in  the 
chemistry  of  adhesives,  the  glu¬ 
ing  of  wood  remains  an  arf  in  which 
experience  is  still  the  main  implement 
of  success.  Although  there  has  been 
progress  in  the  knowledge  of  both  ad¬ 
hesives  and  wood,  the  integration  of 
these  two  fields  has  not  been  accom¬ 
plished  with  sufficient  clarity  to  achieve 
a  proportionate  advance  toward  mak¬ 
ing  wood  gluing  a  science.  There  arc- 
reasons  for  this  situation. 

Not  only  do  voids  exist  in  our  basic 
information  about  wood,  adhesives 
and  adhesion,  but,  of  more  practical 
consequence,  we  cannot  correctly  evalu¬ 
ate  many  of  the  factors  w'hich  influence 
the  bonding  process. , The  difficulty  ip 
studying  the  effects  of  bonding  varia¬ 
bles  is  due,  in  large  part,  to  the  diffi¬ 
culty  of  controlling  them  in  experi¬ 
mental  procedures. 

A  research  program,  a  part  of  which 
is  reported  in  this  paper,  is  in  prog¬ 
ress  which  indicates  the  possibility  of 
positive,  independent  control  of  a 
number  of  factors  in  the  adhesive,  in 
the  wood,  in  the  nature  of  the  sur¬ 
faces,  and  in  the  application  of  the 
adhesive.  It  is  designed  to  isolate  the 
individual  effects  of  the  factors  and 
to  make  possible  the  study  of  certain 
types  of  interactions  which  in  the  past 
haw  confounded  many  experiments. 

C>ne  of  the  important  areas  of  fruit¬ 
less  conjecture  in  wood  gluing  con¬ 
cerns  the  matter  of  how  thick  a  glue 
line  should  be  for  maximum  perform¬ 
ance.  The  answer  to  this  question  has 
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a  bearing  on  the  entire  gluing  opera¬ 
tion  because  it  presumably  defines  the 
quality  of  workmanship  that  is  needed, 
and  hence  governs  an  item  of  cost. 
Use-instructions  for  wood  adhesives, 
however,  usually  state  that  joints 
should  be  as  close-fitting  as  possible 
for  best  results. 

Knowledge  of  the  tolerance  of  glues 
to  varying  thickness  would  therefore 
be  a  valuable  element  in  the  selection 
of  the  best  glue  for  the  job.  Such 
know'ledge  would  also  lend  emphasis 
to  the  importance  of  adhering  to  pre¬ 
scribed  quality  standards  in  the  prepa¬ 
ration  of  material  for  gluing.  Con¬ 
comitantly,  the  same  procedures  would 
be  available  for  investigating  and  im¬ 
proving  glues  in  gap-filling  proper¬ 
ties. 

While  thickness  of  the  glue  line  is 
the  usual  focus  of  attention  in  con¬ 
sidering  gap-filling  properties,  pres¬ 
sure  on  the  adhesive  is  an  important 
factor.  Since  most  woodworking  glues 
shrink  on  curing,  another  factor  must 
also  be  considered,  i.e.  whether  the 


wood  surfaces  are  able  to  adji  with 
the  shrinking  adhesive  as  in  tl:.  case 
of  veneer,  or  whether  the  distance  be¬ 
tween  surfaces  is  inflexible  as  in  dowel 
joints.  The  latter  case  is  believed  to 
be  the  most  severe  because  of  the 
stress  that  would  be  introduced  normal 
to  the  glue  line.  Hence  thickness,  pres¬ 
sure,  and  flexibility  of  the  joined  mem¬ 
bers  may  be  considered  principle  fac¬ 
tors  affecting  the  performance  of  an 
adhesive  under  gap-filling  conditions. 

The  object  of  this  paper  is  to  de¬ 
scribe  a  method  which  permits  the 
manipulation  of  the  above  factors  in 
a  specimen.  Representative  data  are 
given  showing  the  trends  that  may  be 
observed.  It  is  believed  that  subse¬ 
quent  research  will  correlate  these 
trends  with  performance  in  actual  con¬ 
structions. 

A  vast  amount  of  test  data  is  avail¬ 
able  on  wood  adhesives  and  their  ap¬ 
plication.  This  is  an  indication  of  the 
importance  attached  to  the  testing  and 
evaluation  of  wood  adhesives  and  the 
paramount  interest  shown  towards  ad¬ 
vancing  knowledge  in  the  art  of  wood 
gluing.  As  full  and  complete  as  this 
file  may  be,  there  exists  a  scarcity  of 
information  on  the  characteristics  of 
adhesives  w'hen  functioning  in  thick 
glue  lines  in  glued-wood  joints. 

Several  reasons  are  apparent  for  this 
lack  of  information.  First,  there  ap¬ 
pears  to  be  no  .suitable  method  for 
controlling  the  factors  under  which  an 
adhesive  must  function  w'hen  serving 
in  gap-filling  conditions.  Second,  there 
seems  to  be  no  true  gap-filling  ad¬ 
hesive  capable  of  meeting  the  ideal 
theoretical  requirements.  Third  and 
last,  there  appears  to  be  a  lack  of 
recognition  that  surface  and  dimen¬ 
sional  irregularities  do  exist,  which 


Figure  1. — Breakdown  of  specimen  (I.  to  r.)  rubber  gasket,  flange  assembly,  upper  member, 
metal  shim,  lower  member,  assembled  specimen. 
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Figure  2. — Assembly  jig.  (4)  cross-bar,  (16,  18)  air  connection,  (12)  flange  asser  aly, 
(11)  metal  shim,  (13)  rubber  gasket,  (17)  beoring  block,  (8)  positioning  pi-. 


the  adhesive  must  remedy  in  the  final 
assembly. 

Previous  means  (1)  (2)  (3)  of  in¬ 
vestigating  the  effect  of  glue  line 
thickness  on  strength,  have  been  con¬ 
fined  to  two  methods: 

1.  inserting  shims  between  the  mem¬ 
bers  of  the  assembly  (block  shear 
blanks  or  sheets  of  veneer)  to 
control  glue  line  thickness. 

2.  measuring  with  a  microscope 
and  separating  into  thickness 
classes  glue  lines  obtained  under 
normal  gluing  procedures. 

These  methods  have  several  disad¬ 
vantages  which  affect  the  interpreta¬ 
tion  and  reproductibility  of  the  data. 
Chief  among  these  drawbacks  are: 

1.  the  surface  area  of  the  shims  re¬ 
ceives  the  applied  pressure,  re¬ 
ducing  the  effective  bonding 
pressure  to  zero,  or,  as  in  the 
second  method,  bonding  pressure 
is  an  uncontrolled  factor. 

2.  depending  upon  the  flexibility  of 
the  members  of  the  assembly, 
final  glue  line  thickness  and  bond 
strength  is  a  function  of  the 
amount  of  shrinkage  occurring 
in  the  glue  during  curing  and 
conditioning. 

While  these  methods  have  been  use¬ 
ful  in  drawing  attention  to  the  need 
for  control  in  preparing  wood  sur¬ 
faces  for  gluing,  they  do  not  appear 
to  be  sufficiently  precise  as  a  means 
for  investigating  adhesives  themselves 
with  respect  to  gap-filling  properties. 

In  measuring  a  property  of  an  ad¬ 
hesive,  it  is  ol  prime  importance  that 
the  test  procedure  reflect  the  controlled 
effects  of  the  pertinent  factors  in  both 
its  composition  and  the  manner  in 
which  it  is  used.  Little  knowledge 
about  the  adhesive  is  gained  by  sup¬ 
plying  a  gap  in  which  it  is  to  form  a 
bond.  This  may  of  course  indicate 
whether  the  adhesive  does  or  does  not 
form  the  desired  bond  under  that  par¬ 
ticular  condition.  However  no  infor¬ 
mation  is  obtained  on  the  causes  for 
the  showing,  nor  is  there  any  assur¬ 
ance  that  the  adhesive  has  the  inher¬ 
ent  ability  to  form  ^  a  bond  under 
slightly  different  conditions.  The  rea¬ 
son  for  the  meager  results  is  that  the 
performance  of  an  adhesive  is  being 
observed  against  a  condition,  but  the 
condition  is  not  well  defined  as  to  the 
factors  it  represents. 

Consideration  of  the  factors  per¬ 
tinent  to  the  functioning  of  an  ad¬ 
hesive  under  gap-filling  conditions 
leads  to  the  following  partial  list: 

1.  Shrinkage  of  the  adhesive  upon 
curing 

2.  Solvent  loss  of  the  adhesive 


3.  Solids  content  (resins,  fillers  and 
extenders) 

4.  Rate  of  cure 

5.  Degree  of  hardening 

6.  Compactness  of  the  film 

7.  Cohesive  strength  of  the  cured 
adhesive 

8.  Moisture  content  of  the  wood 
(or  absorbent  power) 

9.  Porosity  or  specific  gravity  of  the 
wood 

10.  Condition  of  the  wood  surface 

11.  Distance  between  the  surfaces 

12.  Cohesive  strength  of  the  wood 

13.  Modulus  of  elasticity  of  wood 
and  adhesive 

14.  Pressure  received  by  the  adhesive 

15.  Ability  of  the  wood  surfaces 
to  follow  the  shrinking  adhesive 

The  problem  in  devising  a  suitable 
test  method  for  observing  whether  an 
adhesive  possesses  gap-filling  proper¬ 
ties  appears  to  reduce  to  a  strength 
specimen  in  which  three  principle 
variants  can  be  controlled  at  predeter¬ 
mined  levels.  These  are  (1)  distance 
between  the  joined  surfaces  (2)  rigid¬ 
ity  of  the  joined  members  and  (3) 
pressure  received  by  the  adhesive.  It 
was  believed  that  if  these  three  vari¬ 
ants  could  be  manipulated  in  a 
strength  specimen,  the  effects  of  the 
other  variables  might  be  observed.  For 
example,  the  effect  of  shrinkage  of  the 
adhesive  can  be  studied  by  varying  the 
glue  line  thickness,  at  constant  pres¬ 
sure,  using  rigid,  restrained  surfaces, 
and  comparing  the  strengths  observed 
at  varying  lengths  of  cure  time.  By 
introducing  other  controlled  variables 


into  the  pressure-thickness-shrinkige 
system  it  is  believed  that  subseqi  .nt 
experiments  will  show  correlations 
which  may  point  to  means  of  improv¬ 
ing  the  property  of  gap-filling. 

The  Test  Method 

As  previously  mentioned,  a  method 
and  procedure  that  defines  the  ability 
of  an  adhesive  to  operate  under  gap¬ 
filling  conditions  requires  positive 
control  over  glue  line  thickness,  bond¬ 
ing  pressure  and  the  relative  mobility 
or  flexibility  of  the  adherends.  Adher- 
end  is  henceforth  used  as  a  general 
term  referring  to  the  material  being 
bonded. 

Achieving  control  over  glue  line 
thickness  and  bonding  pressure  (dis¬ 
tinct  from  pressure  applied  to  the  as¬ 
sembly)  permits  these  two  factors  to 
function  independently  of  each  other. 
Control  over  the  relative  mobility  of 
the  adherends  has  the  advantage  of 
closely  reproducing  the  condit  ons 
where  the  adherends  are  free  to  i  ove 
or  are  restrained  from  adjusting  U'  the 
shrinking  adhesive  as  cure  progn  ses. 

The  scope  of  this  portion  ol  the 
research  is  to  describe  a  method  'hat 
controls  these  factors.  This  has  n  :es- 
sitated  (1)  a  new  approach  to  the 
application  of  bonding  pressure  n  a 
test  specimen;  (2)  a  refinement  o  the 
method  of  inserting  shims  to  co  trol 
glue  line  thickness;  (3)  a  prov'  ion 
for  observing  effects  of  mobility  o'  the 
adherends;  and  finally  (4)  a  mod  .ica- 
tion  of  a  test  specimen  to  fulfill  i  lese 
requirements. 
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The  functions  of  pressure  in  gluing 
have  been  identified  by  many  inves¬ 
tigators,  and  may  be  divided  into  four 
components;  (1)  to  bring  surfaces 
into  alignment,  (2)  to  compress  high 
sp'^s  on  surfaces,  (3)  to  overcome 
friction  in  moving  parts  of  press,  and 
(4)  to  apply  hydrostatic  pressure  on 
the  adhesive.  Perhaps  the  most  impor¬ 
tant  of  these,  from  the  standpoint  of 
adhesive  activity  is  the  hydrostatic  or 
fluid  pressure.  Fluid  pressure  is  of 
fundamental  importance  because  it 
(1)  aids  chemical  adhesion  by  facili¬ 
tating  the  close  molecular  proximity 
necessary  for  it  to  occur,  (2)  it  forces 
the  adhesive  into  the  wood  to  promote 
mechanical  adhesion,  and  (3)  it  serves 
to  make  the  adhesive  film  more  co.m- 
pact  and  hence  stronger.  It  may  be  rea¬ 
sonably  inferred  that  fluid  pressure  is 
the  effective  bonding  pressure  and  it 
is  this  pressure  that  must  be  controlled 
in  adhesive  evaluation  experiments. 
The  other  functions  of  pressure  are 
more  or  less  indeterminate  in  their 
effect  on  the  adhesive.  Absolute  con¬ 
trol  over  fluid  or  bonding  pressure  is 
possible  with  compressed  air.  As  this 
approach  is  an  application  of  Pascal’s 
Law  (4),  pressure  is  distribu*^ed  uni¬ 
formly  throughout  the  adhesive  film 
and  its  full  effectiveness  may  be 
realized.  Furthermore,  it  eliminates  a 
mechanical  means  for  follow-up  pres¬ 
sure.  Of  equal  importance  is  that  ap¬ 
plication  of  pressure  in  this  manner 
permits  a  clamping  component  to 
function  independently,  thereby  sepa¬ 
rating  bonding  from  clamping  pres¬ 
sure.  Another  advantage  is  that  it  re¬ 
mains  as  an  effective  method  of 
duplicating  with  controlled  variations 
the  low  pressures  normally  associated 
witii  the  bonding  of  poor-fitting  joints 
anc!  gaps  in  laminated  lumber. 

Li  this  method,  pressure  is  divided 
into  two  components,  one  holding  the 
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Figure  3. — General  view  of  assembly  jigs. 

surfaces  together  and  the  other  acting 
directly  upon  the  adhesive  to  promote 
those  functions  of  penetration  and 
solidification  which  adhesives  normally 
need  to  form  a  strong  bond.  Thus  it  is 
possible  to  determine  how  much  actual 
bonding  pressure  a  particular  adhesive 
requires,  and  this  is  not  obscured  by 
the  other  components  of  pressure. 

Test  Specimen:  The  test  specimen 
is  a  modification  of  the  cross-lap 
specimen  currently  being  studied  at 
the  Department  of  Wood  Technology 
of  the  University  of  Michigan  and 
previously  described  by  other  inves¬ 
tigations  (5)  (6)  (7)  (8).  In  this 
specimen  two  short  blocks  of  wood  are 
assembled  at  right  angles  forming  a 
simple  symmetrical  cross  and  glued  in 
a  normal  manner.  'The  overlap  pro¬ 
vides  bearing  areas  for  the  application 
of  a  testing  force  in  direct  tension. 

In  modifying  this  specimen.  Figure 
1,  the  upper  member  is  drilled  with  a 
-j'^-inch  hole  through  the  center  and 
counterbored  %-inch  to  a  depth  of 
Y^j-inch.  Inserted  in  this  counterboard 
hole  is  a  flange  and  nipple  through 
which  compressed  air  is  applied  di¬ 
rectly  to  the  glue  as  bonding  pressure. 
Between  the  members  of  the  specimen 
is  placed  a  metal  shim  of  the  same 
width  and  length  as  the  wood  blocks 
and  a  predetermined  thickness  to  con¬ 
trol  glue  line  thickness.  A  circular 
area  is  removed  from  the  center  of  this 
shim  where,  in  assembly  of  the  speci¬ 
men,  the  glue  line  is  formd.  A  circle 
ly,(-inch  in  diameter  gives  a  bonding 
area  of  one  square  inch,  allowing  0.4 
square  inch  for  the  area  of  the  flange. 
To  prevent  a  bond  between  the  mem¬ 
bers  of  the  specimen  and  its  metal 
components,  the  shim  and  flange  as¬ 
sembly  are  dipped  in  hot  paraffin.  The 
specimens  are  set  up  for  gluing,  two 
to  an  assembly  jig.  Figure  2. 


Application  of  Pressure:  A.  CLonp 
pressure.  Pressure  to  hold  the  two 
members  of  a  specimen  together  is 
brought  to  bear  by  means  of  a  clamp¬ 
ing  arrangement  as  shown  in  Figure 
3.  This  clamp  holds  the  specimen  in 
correct  alignment,  keeps  the  shim  cen¬ 
tered,  and  at  the  same  time  permits 
the  air  coupling  to  pass  through  the 
bearing  blocks.  The  assembly  jig  con¬ 
sists  of  a  base,  locating  pins,  spherical 
bearing  caps,  cross-bar  and  center-post. 

The  cast  iron  jig  base  contains  a 
%-inch  center-post  w'hich  is  threaded 
on  both  ends  and  secured  in  the  base 
by  a  lock  nut.  Locating  pins  position 
a  specimen  and  shim  on  either  side  of 
the  center  post.  The  spherical  bearing 
caps,  which  rest  on  the  upper  members 
of  the  specimens,  are  machined  to  pro¬ 
vide  a  crown  that  fits  into  a  concentric 
recess  in  the  cross-bar.  The  mating  of 
the  bearing  caps  and  cross-bar  in  this 
manner  provides  a  uniform  distribu¬ 
tion  of  pressure  on  the  shim  ensuring 
an  effective  seal  against  the  fluid 
pressure. 

Clamping  pres.sure  is  obtained  by 
applying  a  force  to  the  cross-bar.  This 
is  accomplished  by  a  nut  on  the  center- 
post.  The  force  is  transmitted  through 
the  bearing  caps  to  the  upper  member 
of  the  specimen  and  hence,  to  the 
metal  shim.  Inasmuch  as  clamping 
pressure  operates  independently  of 
fluid  pressure,  a  quantitative  measure 
of  the  former  pressure  is  not  essential. 
Only  sufficient  clamping  pressure  is 
required  to  seal  the  joint  against 
escape  of  the  adhesive. 

B.  Bonding  pressure.  Air  pressure 
which  .serves  as  the  fluid  bonding  pres¬ 
sure  is  led  to  the  glue  line  through 
appropriate  valves  and  nipples  as 
shown.  All  specimens  in  a  run  (12  in 
number)  are  attached  to  a  common 
header  in  which  the  air  pressure  is 
regulated  by  an  air  control  valve. 
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Thus  all  specimens  receive  identical 
pressure. 

Glue  Line  Thickness:  A  method 
for  evaluation  of  thick  glue  lines  must 
take  into  consideration  the  ability  of 
the  adherends  to  adjust  to  the  shrink¬ 
age  of  the  adhesive  while  cure  pro¬ 
gresses.  Two  conditions  of  adherend 
adjustibility  may  be  recognized,  (1) 
where  the  members  of  the  assembly 
are  capable  of  deflecting  sufficiently  to 
accommodate  to  the  shrinking  adhe¬ 
sive,  such  as  veneers  in  flat  plywood 
or  lumber  core  panels,  (2)  where  the 
members  of  the  assembly  are  restrained 
in  adjusting  to  the  .shrinkage  of  the 
adhesive  as  is  often  the  case  in 
laminated  structural  members  or  vari¬ 
ous  types  of  joints  in  furniture  con- 
•struction.  It  is  logical  to  assume  that 
internal  shrinkage  strecsses  will  be 
present  in  the  latter  case  which  arc- 
more  detrimental  and  therefore  a 
greater  loss  in  bond  strength  can  be 
expected. 

To  duplicate  the.se  conditions  two 
shim  types  were  developed.  For  the 
first,  a  split  shim  was  so  designed  that 
it  could  be  removed  from  the  joint. 
Removal  can  be  accomplished  soon 
after  the  adhesive  gels,  at  which  point 
it  is  felt  that  fluid  pressure  is  no 
longer  effective.  Hence  the  two  mem¬ 
bers  of  the  specimen  are  free  to  move- 
together  as  the  adhesive  shrinks.  For 
the  second  condition,  a  one  piece  shim 
remains  within  the  specimen  until 
tested,  permitting  the  same  internal 
shrinkage  stresses  to  operate  in  the 
test  specimen  as  could  be  expected 
under  normal  gluing  of  restrained 
joints. 


Research  results  presented  in  this 
paper  deal  only  with  the  latter  since 
it  was  considered  that  restrained  con¬ 
ditions  represent  the  severest  test  for 
evaluating  gap-filling  properties  of 
adhesives. 

Testing  the  Specimen:  As  men¬ 
tioned  previously  the  .specimen  is 
tested  in  direct  tension  by  applying  a 
controlled  force  to  the  bearing  areas 
provided  by  the  overlap  of  the  two 
members  of  the  specimen.  This  may  be 
accomplished  with  a  suitable  pair  of 
grips  in  any  testing  machine  capable 
of  a  controlled  rate  of  load. 

An  Evaluation  Study 

Scope:  It  has  been  assumed  that 
loss  in  bond  strength  will  occur  in  a 
restrained  joint  due  to  shrinkage  of 
the  adhesive  as  cure  progresses.  The 
following  portion  of  this  research  was 
designed  to  reveal  the  variation  in 
bond  strength  when  curing  time  and 
glue  line  thickness  are  varied  in  a  te.st 
specimen  in  which  the  members  are 
not  free  to  adjust  to  the  shrinking  ad¬ 
hesive.  In  addition,  tests  were  con¬ 
ducted  to  determine  the  effects  of 
pressure  on  an  adhesive  and  to  observe 
the  bond-forming  ability  of  five  differ¬ 
ent  assembly  adhesives  under  six  glue 
line  thicknesses  at  a  cure  time  of  seven 
days. 

Design  of  Experiment:  To  deter¬ 
mine  the  variation  in  bond  strength 
that  results  from  shrinkage  stresses,  a 
urea-formaldehyde  type  adhesive 
(modified  to  improve  gap-filling  prop¬ 
erties)  was  observed  under  several 
glue  line  thicknesses,  several  intervals 


of  cure,  and  one  bonding  press  ire. 
Glue  line  thickness  was  varied  in  six 
levels:  .003,  .010,  .019,  .029,  .(  il, 
and  .064  inch  under  a  fluid  bonding 
pressure  of  10  pounds  per  scjcire 
inch.  Eight  intervals  of  cure  varied 
from  4  hours  to  14  days.  Two  s|  eci- 
mens  of  each  combination  of  thick¬ 
ness  and  cure  were  prepared  .ind 
tested,  giving  a  total  of  96  specimens. 

To  determine  the  effects  of  pressure 
on  a  urea-formaldehyde  type  adhesive, 
the  six  glue  line  thicknesses  (.OO'i  to 
.064  inch)  were  observed  at  five  bond¬ 
ing  pressures:  0,  5,  10,  25,  and  30 
pounds  per  square  inch,  at  a  cure  time 
of  24  hours.  Two  specimens  were  pre¬ 
pared  and  tested  for  each  combina'ion 
of  thickness  and  pressure,  a  total  of 
60  specimens. 

To  observe  the  bond  forming  abil¬ 
ity  of  representative  assembly  adhe¬ 
sives  under  varying  glue  line  thick¬ 
nesses,  five  adhesives  were  selected:  a 
urea-formaldehyde  type,  a  casern,  a 
liquid  animal  glue,  a  polyvinyl  at  tate 
resin,  and  a  phenol-resorcinol  r  sin. 
Six  glue  line  thicknesses  were  obs(  ved 
(.005  to  .064),  under  10  pound  per 
square  inch  and  a  cure  time  of  -  ven 
days.  Two  specimens  were  pre-j  red 
and  tested  for  each  combination  o  ad¬ 
hesive  and  thickness,  a  total  o  60 
specimens. 

Control  of  Specific  Gravity:  is 
well  accepted  that  density  will  i  flu- 
ence  the  strength  of  a  glue-wood  i  nd. 
In  an  attempt  to  reduce  a  sourt  of 
variation  in  the  test  results,  sp  ific 
gravity  (0.66)  of  the  hard  maph  up- 
minus  0.02  of  the  mean  sp  ific 
/gravity  (0.66  of  the  hard  maple  up- 
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pi'  from  which  the  stock  for  the  speci- 
iTn.ns  was  obtained.  This  was  achieved 
bv  closely  following  the  statistical 
nn‘hods  described  by  Markwardt  (8). 

Control  of  Moisture  Content:  To 
eli  ninate  internal  stresses  resulting 
fr<  Ml  dimensional  changes  of  the  mem- 
bc  '  of  the  specimen  which  in  turn  re- 
su'  from  variation  in  moisture  con- 
tei  r,  the  assembly  and  gluing  opera¬ 
tic  i  was  carried  out  in  a  constant 
hu  nidity  room  at  an  equilibrium  mois- 
tur  content  of  8  per  cent.  After  re- 
ni( 'al  from  the  jigs,  the  specimens 
regained  under  these  conditions  until 
tes'td.  All  stock  was  pre-conditioned 
to  S  percent  moisture  content  prior  to 
mai.hining. 

Testing  the  Specimen:  Testing  was 
performed  on  a  small  tensile  testing 
machine  fitted  with  special  grips. 
Figure  4.  Load  was  applied  at  the  rate 
of  2000  pounds  per  minute  by  means 
of  a  motor  and  pulley  attachment.  To 
increase  the  accuracy  of  the  results, 
SR-4  strain  gages  were  mounted  on 
the  dynamometer  of  the  dial  gauge 
normally  associated  with  this  type  of 
equipment.  With  an  SR-4  strain 
analyzer,  bond  strength  was  measured 
in  micro-inches  of  deflection  of  the 
dynamometer  to  whfeh  the  grips  were 
attached.  These  values  were  then  con¬ 
verted  to  pounds  per  square  inch  by 
a  conversion  factor  obtained  by  cali¬ 
brating  the  dynamometer.  To  ensure  a 
uniformly  distributed  tensile  load  upon 
the  specimen,  double  clevises  were  at¬ 
tached  to  the  grips  to  permit  them  to 
adjust  in  response  to  stresses  devel¬ 
oped  during  breaking. 

Discussion  of  Results:  It  is  evident 
from  Table  1,  that  cure  time  has  con¬ 
siderable  influence  on  bond  strength  in 
the  various  glue  line  thicknesses,  and 
that  certain  trends  are  exhibited  in  the 
behavior  of  the  adhesive  used  in  this 
portion  of  the  study. 

The  trend  of  decreasing  bond 
strength  with  increased  glue  line 
thickness  during  the  first  twelve  hours 
of  cure  is  significant.  A  reason  for  this 
can  be  advanced.  It  is  recognized  that 
room  setting  adhesives,  such  as  the 
modified-urea-formaldehyde  type  used, 
cure  as  the  result  of  chemical  action. 
However,  another  factor  enters  into 
the  rate  of  strength  development,  that 
is,  solvent  loss.  This  data  indicates  the 
substantial  effect  of  solvent  loss  on 
rate  of  strength  development  as  well 
as  nn  the  total  strength  achieved.  It 
ma\  be  reasonably  assumed  that  thin¬ 
ner  i;lue  lines  are  subject  to  the  same 
rak  of  |X)lymerization  as  the  thicker 
one  However,  the  thinner  glue  lines 
app  rently  experience  a  rapid  loss  of 
sob  nt.  Thus,  some  cohesive  strength 
in  t  lin  adhesive  films  is  established  in 


i 


■/ 


Table  I — EFFECT  ON  BOND  STRENGTH  OF  CURE  TIME  AND  SHIM  THICKNESS  FOR  A  MODIFIED 
UREA-FORMALDEHYDE  TYPE  ADHESIVE  AT  10  POUNDS  PER  SQUARE  INCH  PRESSURE 


Strenuth-  -pounds  iM>r  square  inch 

Cure  Time  Shim  Thickn*‘ss 

.005  .010  .019  .029  .041  .064 

4  hours  455  104  10  10  0  0 

8  hours  900  1250  800  490  215  80 

12  hours _  560  970  1410  1.370  730  360 

24  hours _  735  715  1045  1120  1325  12.50 

48  hours..  ..  880  965  985  1350  1210  1370 

96  hours  915  1060  930  12.55  1'290  1320 

7  days  965  1005  101M>  12.50  11'20  0 

14  days.. . 865  1105  1170  1120  0  0 


Table  II — EFFECT  OF  PRESSURE  AND  THICKNESS  ON  BOND  STRENGTH  FOR  A  MODIFIED 
UREA-FORMALDEHYDE  TYPE  ADHESIVE  CURED  FOR  TWENTY-FOUR  HOURS 


Pressure  Strength  in  Pounds  Per  Square  Inch 

(Pounds)  Shim  Thickness  (Inch<>s) 


.()()5 

.010 

.019 

.0‘29 

.041 

.1)64 

Av«>r. 

0. 

885 

1035 

1120 

1200 

1390 

1440 

1175 

5 . 

830 

1020 

10.50 

1250 

1310 

1470 

11.50 

10.. 

735 

715 

1040 

1120 

1325 

1250 

1030 

25 

920 

1200 

1370 

1320 

1.50;) 

1260 

1260 

50  _ _ 

. .  1080 

875 

1250 

1345 

1175 

1235 

1160 

Table  III — STRENGTH  OF  FIVE  ASSEMBLY  GLUES  CURED  FOR  SEVEN  DAYS  UNDER 
VARYING  GLUE  LINE  THICKNESSES 


Strength  in  Pounds  Per  Sejuare  Inch 

Adhesivr-s  Shim  Thickm“ss  ( Inches) 


.005 

.010 

.019 

.029 

.041 

.061 

MudituHl  Uroa 

965 

1005 

1000 

1245 

1120 

0 

Casein 

645 

1100 

1220 

1070 

630 

430 

Animal  _ 

1080 

1030 

120.) 

1060 

855 

280 

Polyvinyl . 

1180 

1160 

825 

655 

390 

260 

Resorcinol 

1030 

1160 

1160 

1030 

135 

0 

a  shorter  period  of  time  and  this  de¬ 
velopment  of  cohesion  is  reflected  in 
the  measured  strength  of  the  bond.  On 
the  other  hand,  a  thick  glue  line  de- 
velopes  little  or  no  bond  strength  dur¬ 
ing  the  same  interval  of  cure  time  and 
remains  a  viscous  mass  with  little  or 
no  cohesive  strength. 

As  cure  time  increases,  polymeriza¬ 
tion  and  continued  loss  of  the  solvent 
converts  the  thick  glue  lines  into  a 
bond  with  jx'ak  strength  in  excess  of 
the  thinner  ones.  It  is  possible  that 
too  rapid  solvent  loss  in  the  thinner 
glue  lines  may  affect  cohesive  and  ad¬ 
hesive  .strength.  If  this  assumption  is 
correct  the  presence  of  a  definite 
amount  of  solvent  in  the  adhesive 
mixture  during  cure  appears  to  be 
necessary  to  the  formation  of  a  strong 
bond. 

It  can  also  be  noted  that  peak 
strength  was  reached  for  each  glue  line 
thickness  at  a  different  cure  time.  The 
peak  tended  to  appear  at  a  progres¬ 
sively  later  time  with  each  increase  in 
thickness.  This  further  substantiates 
the  belief  that  development  of  co¬ 
hesive  strength  within  the  bond  is  not 
dependent  solely  u|x)n  chemical  action 
but  may  also  depend  upon  loss  of  the 
.solvent. 

After  this  peak  has  been  reached  the 
strength  falls  off,  notably  within  the 
thicker  glue  lines.  It  is  this  fall-off  in 
strength  with  time  that  governs  the 
maximum  thickness  an  adhesive  can 
tolerate.  Maximum  strength  alone  is 
not  therefore  a  reliable  criterion  of 
performance.  The  strength  of  the 
('64-inch  glue  line  reduced  to  zero  at 
the  end  of  seven  days,  and  at  the  end 
of  fourteen  clays  the  .041 -inch  glue 


line  also  reached  zero.  It  is  conceivable 
that  if  time  had  been  extended  fur¬ 
ther,  the  other  glue  lines  would  show 
varying  rates  of  strength  loss  propor¬ 
tionate  with  thickness  until  a  thick¬ 
ness  was  reached  that  would  be  ca¬ 
pable  of  maintaining  strength  in¬ 
definitely.  This  end-point  could  then 
be  considered  the  maximum  tolerable 
thickness  for  that  particular  glue. 

A  possible  explanation  for  these 
end-points  may  be  the  effect  of  inter¬ 
nal  shrinkage  stresses  which  arise  as 
the  result  of  contraction  of  the  adhe¬ 
sive  during  cure.  Since  the  joint  is  pre¬ 
vented  from  adjusting  to  the.se  con¬ 
tracting  forces  by  reason  of  the  shim, 
a  partial  relieving  of  these  stresses  is 
not  possible.  Hence,  they  are  mani¬ 
fested  within  the  adhesive  film  as  a 
strength  loss.  When  the  magnitude  of 
these  contracting  forces  exceeds  the  in¬ 
ternal  strength  of  the  adhesive  the 
.specimen  delaminates.  This  (Kcurs 
more  readily  with  the  thicker  glue 
lines  since  the  effects  of  contraction 
within  a  glue  line  will  be  proportion¬ 
ate  to  its  thickness. 

The  fact  that  the  thicker  glue  lines 
exhibited  a  greater  bond  strength  at 
cure  times  of  twenty-four  to  ninety- 
six  hours  than  the  thin  ones,  indicates 
that  this  as|x-ct  of  the  situation  rc 
quires  considerable  study.  It  appears 
to  be  contrary  to  the  established  thick¬ 
ness-strength  rule  that  the  thinnest 
glue  line  is  the  strongest.  It  has  been 
suggested  that  the  phenomena  ob¬ 
served  here  may  be  a  function  of  the 
plasticity  of  the  adhesive  at  these 
various  cure  times.  Inasmuch  as  the 
adhesive  has  not  hardened  completely 
and  the  retained  solvents  have  a 
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slirong  plasticizing  effect,  the  adhesive 
remains  in  a  somewhat  plastic  condi¬ 
tion.  In  this  condition  internal  stresses 
are  neutralized  due  to  internal  flow 
and,  furthermore,  a  breaking  force 
will  be  more  uniformly  distributed 
through  the  film.  This  results  in  a 
bond  with  a  greater  breaking  strength. 
However,  in  view  of  the  interaction 
of  rate  of  solvent  loss  with  thickness, 
it  is  difficult  to  arrive  at  definite  rea¬ 
sons  for  the  apparent  anomaly  at  this 
stage  in  the  investigation. 

From  the  information  contained  in 
Table  II,  it  can  be  seen  that  bonding 
pressure  is  not  a  critical  factor  with 
the  adhesive  used  under  the  conditions 
of  this  study.  A  reason  for  this  result 
may  lie  in  the  conditions  of  the  ex¬ 
periment.  It  may  be  assumed  that  the 
bonding  conditions  used  were  ex¬ 
tremely  favorable  to  adhesion.  As 
previously  mentioned,  the  lumber  used 
for  these  tests  was  pre-conditioned 
prior  to  machining  and  maintained 
under  controlled  condi*^ions  of  humid¬ 
ity  and  temperature  during  assembly 
and  curing.  In  addition,  the  stock  was 
accurately  planed  before  the  specimens 
were  cut  to  their  final  form. 

Other  adhesives  may  or  may  not  re¬ 
act  in  a  similar  manner  under  the  same 
or  other  conditions.  It  is  apparent  that 
bonding  pressure  needs  to  be  more 
fully  investigated  under  other  con¬ 
trolled  conditions  if  its  true  function 
in  bonding  is  to  be  fully  understood. 

The  five  adhesives  selected  to  ob¬ 
serve  their  bond-forming  ability  are 
normally  associated  with  assembly  glu¬ 
ing,  but  find  wide  application  in  other 
phases  of  wood  fabricating.  The  varia¬ 
tion  in  bond-forming  ability  is  to  be 
expected  because  of  the  diflferences  in 
their  chemical  and  physical  nature  and 
the  manner  in  which  they  attain 
strength. 

It  is  to  be  noted  that  casein  and  ani¬ 
mal  glue  show  a  marked  drop-off  in 
strength  in  the  thicker  glue  lines.  With 
an  extended  cure  time  these  two  glues 
can  be  expected  to  show  further  reduc¬ 
tions  in  strength  and  ultimately  de¬ 
laminate  above  their  critical  glue  line 
thickness. 

Ihe  polyvinyl  acetate  adhesive  ex¬ 
hibited  its  greatest  strength  in  the 
thinnest  glue  lines,  with  a  drop-off  in 
strength  throughout  the  thicker  glue 
lines.  This  adhesive  had  a  marked 
plasticity  in  the  thicker  glue  lines,  in¬ 
dicating  incomplete  hardening  which 
explains  the  low  strength  values. 
Longer  cure  times  are  required  to  ob¬ 
serve  whether  this  adhesive  will  also 
reach  an  end-point  in  strength  as  did 
the  other  adhesives. 

Although  the  casein,  animal  and 
fxilyvinyl  adhesives  appeared  to  react 
in  a  similar  manner  as  regards  drop- 


oT  in  strength  at  the  thicker  glue 
lines,  a  distinction  can  be  made.  The 
Casein  and  animal  glues  lost  strength 
because  of  the  onset  of  crazing.  The 
loss  in  strength  shown  by  the  poly¬ 
vinyl  on  the  other  hand,  is  due  to  in¬ 
complete  cure.  The  results  for  poly¬ 
vinyl  must  therefore  be  considered 
inconclusive. 

The  modified  urea-formaldehyde  ad¬ 
hesive  and  the  phenol-resorcinol-for¬ 
maldehyde  adhesive  which  cure  by 
chemical  action  reached  an  end-point 
in  the  thickest  glue  lines  at  the  end  of 
seven  days.  Extended  cure  times  might 
conceivably  cause  continued  reduction 
in  strength  of  the  resorcinol  in  other 
thicknesses  similar  to  the  reaction  of 
the  urea-formaldehyde  adhesive  at  the 
end  of  fourteen  days. 

While  the  bonding  pressure  was 
held  constant  at  10  pounds  per  square 
inch  in  this  study,  it  is  conceivable 
that  an  increase  in  pressure  may  cause 
an  increase  in  ultimate  strength  of  the 
various  glue  lines  except  for  the  urea- 
formaldehyde  type  adhesive.  It  is 
doubtful,  however,  that  increased  pres¬ 
sure  would  affect  their  bond-retaining 
ability  in  the  thicker  glue  lines,  since 
this  seems  to  be  controlled  mainly  by 
the  shrinkage  properties  of  the  adhe¬ 
sives. 

Summary 

The  information  obtained  in  this 
s  udy  applies  especially  to  the  condi¬ 
tions  established  and  the  adhesives 
used.  A  number  of  trends  have  devel¬ 
oped  which  may  be  expected  of  many 
adhesives.  The  results  also  indicate  the 
method  may  be  effective  in  isolating 
the  principal  factors  which  control  the 
performance  of  an  adhesive  under  gap¬ 
filling  conditions.  It  is  recognized  the 
method  is  unrealistic  in  a  sense.  How¬ 
ever,  it  serves  to  bridge  the  gap  be¬ 
tween  methods  which  merely  measure 
the  chemical  and  physical  properties 
of  adhesives  and  those  which  attempt 
to  evaluate  adhesives  under  normal  glu¬ 
ing  conditions.  Subsequent  research  is 
necessary  to  determine  the  full  capabil¬ 
ities  of  the  method.  An  attempt  is 
made  towards  this  end  in  the  remain¬ 
der  of  the  research  of  which  a  part 
has  been  reported  here.  The  remain¬ 
ing  research  is  concerned  with  the  cor¬ 
relation  of  glue  line  shrinkage  and 
bond  strength,  using  two  adhesives  of 
differential  shrinking  capacities.  Fur¬ 
thermore,  these  same  two  adhesives 
are  used  to  make  a  comparison  of  the 
variation  in  bond  strength  where  all 
factors  are  held  constant  except  the 
relative  mobility  of  the  adherends  in 
respect  to  the  adhesive.  To  measure 
the  amount  of  shrinkage  that  occurs 
once  the  shim  has  been  removed  from 
'he  joint,  a  measuring  device  (Figure 


5),  was  designed.  Preliminary  inves¬ 
tigations  have  indicated  shrinkage  may 
be  measured  to  an  accuracy  of  .0005- 
inch. 

Hope  is  expressed  here  that  the 
method  and  research  presented  will 
aid  in  augmenting  our  basic  informa¬ 
tion  on  wood  adhesives  and  their 
application. 

References 

1.  Poletika,  N.  V.,  Effect  of  (ilue 
Layer  Thickness  on  Strength  of 
Bonded  Wood.  Report  No.  V  'E- 
170-M-2,  Curtiss  Wright  Cerp., 
Research  Lab.,  November,  194  .. 

2.  Poletika,  N.  V.,  Effect  of  (ilue 
Layer  Thickness  on  Strength  of 
Joints.  Report  No.  WE-170-^-1, 
Curtiss  Wright  Corp.,  Resc  irch 
Lab.,  August,  1943. 

3.  Bruce,  H.  D.  and  Cockrell,  R  A., 
Effect  of  Thickness  of  Glue  hine 
on  Strength  and  Durabilit)  of 
Glued-wood  Joints,  Forest  Pro.iucts 
Lab.  Report  No.  Rl6l6,  S.pt., 
1946. 

4.  Weber,  R.  L.,  White,  M.  W., 
Manning,  K  V.,  College  Technical 
Physics,  New  York  and  Lon.lon, 
McGraw  Hill  Book  Co.,  Inc.,  1947, 
page  181, 

5.  Moser,  F.  and  Humphrey,  L.  M., 
The  Joining  of  Glass  with  Or¬ 
ganics,  Pittsburgh  Plate  Glass  Co., 
Glass  Division  Research  Labora¬ 
tories,  Creighton,  Pa. 

6.  Truax,  T.  R.,  The  Gluing  of 
Wood,  U.  S.  Department  of  Agri¬ 
culture  Bulletin  No.  1500,  IJ.  S. 
Government  Printing  Office,  1934. 

7.  Kollman,  T.,  Technologic  des 
Holzes,  Berlin,  1936,  Page  596. 

8.  Rudkin,  A.  W.,  A  Simple  Method 
of  Testing  Glue  Lines  in  Tension. 
Australian  Council  of  Science  and 
Industrial  Research  Journal, 
November,  1947. 

9.  Markwardt,  L.  J.  and  Wilson. 
T.R.C.,  1935.  Strength  and  Related 
Properties  of  Woods  Grown  in  the 
United  States.  USDA  Tech.  Bulle¬ 
tin  No.  479,  Washington,  I  S. 
Government  Printing  Office. 

Acknowledgments 

Grateful  acknowledgments  are  .  lade 
to  Alan  A.  Marra,  Instructor  in  V.  ood 
Technology,  Department  of  V  ood 
Technology,  University  of  Mid'  gan, 
for  his  stimulating  interest;  to  ’  red 
E.  Dickinson,  Department  Chaii  lan, 
and  to  the  other  members  of  the  staff 
of  the  Department  of  Wood  'Icch- 
nology  for  their  constructive  criti  ism 
in  reviewing  this  paper. 

SEPTEMBER,  19  5.1 


20 


Student  Research 


Allowable  Loads  For  Common  Bolts  At  Various 
Angles  to  the  Grain  For  Southern  Yellow  Pine’ 

DANIEL  D.  KOJIS  AND  REINHART  H.  POSTWEILER 

University  of  Wisconsin 


Purpose  of  report  is  to  supply  information  essential  to  the  proper 
design  of  bolted  joints  in  timber  construction,  particularly  as  to 
whether  currently  used  formulas  give  equally  safe  values  through  a 
complete  range  of  angles  to  the  grain  from  0  to  90  degrees. 


Introduction 

The  hankinson  formula,  as 
given  in  the  "1951  Revision  of 
the  National  Design  Specifications  for 
Stress  Grade  Lumber  and  Its  Fasten¬ 
ings’’,^  is  currently  used  to  calculate 
the  allowable  loads  which  may  be 
transmitted  through  a  bolted  joint. 
The  validity  of  this  formula,  as  well 
as  that  of  the  Osgood  Formula,^  has 
been  the  subject  of  considerable  con¬ 
troversy  in  timber  design  literature. 
(References  8,  9,  and  10  in  Bibliogra¬ 
phy). 

This  report  presents  the  results  of 
approximately  110  tests  with  an  at¬ 
tempt  to  determine  the  accuracy  of 
these  formulas  when  applied  to  bolts 
bearing  at  various  angles  to  the  grain 
ranging  from  0  to  90  degrees. 

Previous  work  done  on  bolt  bear¬ 
ing  at  various  angles  to  grain  has  con¬ 
sisted  mainly  of  tests  performed  with 
aircraft  bolts  and  aircraft  structural 
material,  namely  Sitka  Spruce.  In 
1928  the  U.  S.  Forest  Products  Labo¬ 
ratory  concluded  an  extensive  four- 
year  program  which  considered  these 
materials  and  published  their  results 
in  Technical  Note  No.  296.®  Bolt 
I  sizes  ranged  from  0.50  inches  to  0.16 
inches  in  diameter  and  angles  of  load 
to  the  grain  of  the  wood  were  0,  30, 
45,  60,  and  90  degrees.  The  results 
of  the  tests  were  in  close  agreement 
with  corresponding  values  computed 
by  the  Hankinson  Formula. 

In  the  following  year,  1929,  the 
forest  Products  Laboratory  conducted 

*  Sulimitted  for  judging  in  the  Undergradu¬ 
ate  Division  of  the  1953  Wood  and  Wood 
Produits  Award  Contest. 

'  National  Lumber  Manufactures  Association: 
National  Design  Specilications  for  Stress  Grade 
Lumber  and  Its  Fastenings,’’  Washington,  D.  C., 
1944.  Revised  1951,  p.  35. 

*Os  -,o()d,  Wm.  R.:  ’’Comparative  Stress  on 
Wood  Surfaces  Inclined  to  Cirain,”  Engr.  News 
Recorij,  Vol.  100,  No.  6,  Feb.  9.  1928,  pp. 
-43-44 

’Tr.  yer,  Ci.  W.:  "Bearing  Strength  of  Wood 
^der  Steel  Aircraft  Bolts  and  Washers  and 
(Xher  Factors  Influencing  Fitting  Design,” 
^it.  .‘dvisory  Com.  Aeronaut.  Technical  Note 
-96.  O  tober,  1928. 


a  series  of  tests  to  investigate  the 
bearing  capacity  of  common  bolts  in 
structural  timber.  Tests  were  conducted 
with  loads  at  angles  to  the  grain  of 
the  wood  at  0  degrees  and  90  degrees, 
with  no  tests  being  made  at  inter¬ 
mediate  angles.  The  results  of  the 


tests  were  published  in  Technical  Re¬ 
port  No.  332.'‘ 

In  1952,  Raymond  G.  Pitz,  an  un¬ 
dergraduate  student  at  the  University 
of  Wisconsin,  submitted  a  thesis  en¬ 
titled,  "Allowable  Bolt  Loads  at  An¬ 
gles  to  the  Grain  in  Douglas  Fir.’’® 

■*  Trayer,  G.  W.:  "Bearing  Strength  of  Wood 
Under  Bolts,"  U.  S.  Dept,  of  Agriculture, 
Techn.  Bull.  No.  332,  October,  1932,  40  pp. 

*  Pitz.  Raymond  Ci.;  "Allowable  Bolt  Loads 
at  Angles  to  the  Grain  in  Douglas  Fir,"  an 
undergraduate  thesis  performed  at  the  Forest 
Products  Laboratory  and  submitted  to  the 
Civil  Engineering  Dept.,  University  of  Wiscon¬ 
sin,  Madison.  June,  1952. 
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Figure  1. — Typical  specimens  showing  sizes  and  direction  of  applied  loads. 
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Figure  2. — Adjustable  base  for  testing  jig. 


Pitz  selected  Douglas  fir  as  the  material 
and  used  common  machine  bolts 
inch,  %-inch,  and  1-inch  in  diameter, 
with  loads  applied  from  0  degrees  to 
90  degrees,  at  7^2  degree  increments, 
to  the  grain  of  the  wood.  His  test  re¬ 
sults  showed  no  conclusive  agreement 
with  either  the  Hankinson  or  Osgood 
Formulas  but  rather  indicated  that 
size  of  bolt  used  has  an  effect  upon 
the  load  bearing  capacities  of  Douglas 
fir.  Since  the  series  of  tests  on  Doug¬ 
las  fir  performed  by  Mr.  Pitz  were 
inconclusive  as  to  a  general  equation 
for  the  l/2-inch,  %-inch,  and  1-inch 
bolt  sizes,  an  additional  series  of  tests 
were  run  using  Southern  yellow  pine 
to  try  to  establish  a  consistent  trend  or 
relationship. 

Selection  and  Preparation 
of  Specimens 

Material  selected  for  the  tests  was 
Southern  Yellow  Pine  because  of  its 
common  use  as  structural  material. 
Rough  planks  2-inches  by  8-inches  by 
1 6-feet  were  obtained.  Care  was  taken 
to  select  the  lumber  so  that  the  grain 
was  straight  throughout  the  entire 
length  of  the  plank,  and  so  that  any 
defects  which  might  affect  the  test  re¬ 
sults  were  eliminated.  Minor  tests  to 
evaluate  the  quality  of  the  test  speci¬ 
mens  show  that  the  specific  gravity 
was  considerably  higher  than  that  of 
average  southern  yellow  pine. 

To  obtain  matched  material  for 
testing,  each  set  of  specimens  was  fab¬ 


ricated  from  one  plank.  A  set  con¬ 
sisted  of  13  specimens  which  were  to 
have  loads  applied  at  angles  to  the 
grain  from  0  degrees  to  90  degrees  at 
7^2  degree  increments.  Figure  1  shows 
sizes  of  specimens  and  direction  of  ap¬ 
plied  load.  A  minimum  of  three  speci¬ 
mens  was  tested  at  each  angle. 

The  size  of  the  specimens  was  de¬ 
termined  not  as  a  matter  of  choice 
but  rather  due  to  the  limitations  of 
the  size  of  the  testing  jig  which  was 
available.  The  smaller  bearing  sur¬ 
face  was  5-inches  by  9-inches.  (See 
Figure  2).  This  established  the  maxi¬ 
mum  specimen  size  that  could  be  used. 
A  constant  L  ratio,  where  L  =  length 

F 

of  bearing  area  and  D  =  diameter 
of  bolt,  was  decided  upon.  Common 
machine  bolts  used  were  regular  com¬ 
mercial  bolts  purchased  from  a  build¬ 
ing  supply  company  in  Madison.  The 
size  of  the  specimen  was  limited  by 
the  9-inch  length  and  5-inch  width  of 
the  test  jig  and  a  L  ratio  chosen  at 
D” 

4  for  length  of  bearing  area.  Thus 
4-inch  by  4-inch  by  2-inch,  6-inch  by 
6-inch  by  3-inch,  and  8-inch  by  8-inch 
by  4-inch  specimen  sizes  were  arrived 
at.  The  4-inch  by  4-inch  by  2-inch 
specimen  was  tested  with  a  l/^-inch 
diameter  bolt,  the  6-inch  by  6-inch 
by  3-inch  with  a  %-inch  diameter  bolt, 
and  the  8-inch  by  8-inch  by  4-inch 
with  a  1-inch  diameter  bolt. 


4-inch  by  4-inch  by  2-inch  Speci¬ 
mens:  These  specimens  were  in  the 
"C  "  series,  as  shown  in  Figure  3, 
ranging  from  numbers  C — 1  to  C — 
76.  A  1 6-foot  length  of  3-inch  by  9- 
inch  rough  lumber,  which  had  pre¬ 
viously  been  selected,  was  planed  to  a 
2-inch  by  8  and  '/g-inch  size,  the  Vg- 
inch  to  allow  for  saw  cut  down  the 
center.  The  board  was  then  marked 
and  cut  into  specimens. 

6-inch  by  6-inch  by  3-inch  Speci¬ 
mens:  These  specimens  were  in  the 
"A”  and  "B”  series,  cut  from  two 
previously  selected  planks.  They  were 
fabricated  in  a  manner  similar  to  the 
"C”  series  specimens. 

8-inch  by  8-inch  by  4-inch  Speci¬ 
mens:  These  specimens  were  in  the 


Figure  4. — Test  equipment  showing  dial 
arrangement,  adjustable  base  and  loading 
plates. 
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Figure  6. — Curves  for  3/4-inch  boll  with  load  at  various  angles  to  the  groin. 


"Ij ’’  and  "E’  ’series,  cut  from  two 
pl.  nks  and  fabricated  in  a  manner 
siniilar  to  the  specimens  of  the  "A”, 
"b  ,  and  "C”  series. 

\fter  fabrication,  specimens  were 
conditioned  to  a  uniform  moisture 
content,  12l/^%,  by  placing  them  in 
a  conditioning  room  where  a  relative 
humidity  of  64%  and  a  temperature 
of  75  degrees  was  constantly  main¬ 
tained.  Weekly  weight  checks  were 
m.ulc  on  a  few  randomly  selected 
spi  cimens  in  order  to  determine  when 
th(  y  had  reached  proper  conditioning. 

.After  obtaining  a  12^^%  moisture 
content,  a  hole  was  drilled  vertically 
through  the  center  of  the  larger  face 
of  the  specimen  corresponding  to  the 
nominal  diameter  of  the  bolt  used.  A 
1-inch  bit  with  a  slow  spiral  was  used 
for  drilling  the  holes  for  the  bolts 
having  a  1-inch  nominal  diameter,  and 
a  ^-inch  and  ,^-inch  machine  with 
a  fast  spiral  was  used  for  drilling  the 
holes  for  the  bolts  having  a  %-inch 
and  ^-inch  nominal  diameter.'* 

After  drilling,  the  specimens  were 
returned  to  the  moisture  room  where 
they  remained  until  ready  for  testing 

Testing  Equipment  and 
Testing  Procedure 

A  four-screw,  mechanical  type, 
Tinius  Olsen  testing  machine  was  used 
for  loading  the  specimens.  This  ma¬ 
chine  has  capacity  limits  of  2,500,  12,- 
500,  and  25,000  pounds  and  was 
found  to  be  more  than  adequate  for 
these  tests. 

The  adjustable  apparatus  used  for 
varying  the  angle  of  load  application 
was  positioned  on  the  bed  of  the  ma¬ 
chine  and  a  correction  made  for  its 
weight.  This  piece  of  adjustable  equip¬ 
ment  consists  of  two  main  parts, 
namely,  the  wheel  and  the  supporting 
base,  as  shown  in  Figures  2  and  4. 

The  wheel,  actually  270  degrees  of 
a  circle,  has  ten  1-inch  holes,  spaced 
at  15  degrees,  in  its  outer  web.  The 
supporting  base  has  four  1-inch  holes 
consisting  of  two  sets  of  2  which  are 
spaced  at  22  and  1/^  degrees  apart 
with  15  degrees  between  the  holes  in 
each  set.  As  the  wheel  is  rotated  in 
the  frame,  each  set  of  adjacent  holes 
in  the  wheel  will  be  alternately 
aligned  with  those  in  the  supporting 
base,  at  intervals  of  7  and  degrees 
from  0  to  90  degrees.  By  rotating  the 
spc(  linens  through  90  degrees  it  was 
not  necessary  to  rotate  the  wheel  past 
45  degrees,  since  a  setting  of  7  and 
y2  vvould  function  equally  well  for  a 
setting  of  82  and  ^  degrees. 

f.omplcte  stability  was  obtained  by 
inserting  two  pins  into  the  aligning 

*>  "iidell,  H.  R.  and  Phillips.  R.  S.;  "Bolt 
Bear  of  Wood  and  Modified  Wood.”  U.  S. 

of  Agr.,  Forest  Products  Laboratory  No. 
'52V  December,  1944. 


holes  in  the  supporting  base.  All  sur¬ 
faces  had  been  machined  and  hard¬ 
ened  to  insure  a  perfect  contact  and 
bearing  surface. 

Adjustable  steel  plates,  1-inch  in 
thickness,  were  bolted  to  the  head  of 
the  testing  machine  for  the  transmis¬ 
sion  of  test  loads.  (See  Figure  4). 
Each  of  these  plates  was  fitted  with  a 
hardened  steel  bushing  through  which 
the  test  bolts  were  inserted.  Because 
of  the  exact  inner  diameter  of  the 
bushings,  it  was  frequently  necessary 
to  grind  the  bolts  to  corresponding 
nominal  diameter  to  insure  a  proper 
fit.  While  testing  the  4-inch  and  6- 
inch  specimens  it  was  possible  to  bolt 
this  arrangement  directly  to  the  head 
of  the  machine,  therefore  greatly  fa¬ 
cilitating  the  testing  procedure.  Be¬ 


cause  of  the  increased  size  of  the  8- 
inch  specimens,  it  was  not  possible  to 
bolt  the  plates  to  the  head;  therefore, 
the  load  was  transferred,  by  bearing, 
to  the  plates  and  then  to  the  test  bolts 
rather  than  directly  through  the  plates. 

Deformations  were  obtained  by  us¬ 
ing  a  single  dial  gage  having  a  least 
reading  of  1/10,000-inch.  This  dial 
was  supported  at  the  end  of  an  arm 
which  projected  from  a  supporting 
stand  resting  on  the  bed  of  the 
machine.  (See  Figure  4).  When  ob¬ 
servation  of  the  dial  was  difficult,  the 
deformation  was  transferred  by  a  one 
to  one  lever  arm  to  a  more  accessible 
position  of  the  dial. 

A  similar  testing  procedure  was  fol¬ 
lowed  for  all  three  specimen  sizes.  An 
initial  correction  was  made  for  the 
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weight  of  the  adjustable  apparatus, 
specimen,  and  the  recording  equipment 
when  it  had  been  positioned  on  the 
bed  of  the  testing  machine.  The  speed 
of  the  machine,  or  the  rate  of  load 
application,  was  set  at  .006  inches  per 
minute.  When  the  testing  equipment 
had  been  properly  arranged,  the  speci¬ 
mens  were  brought  from  the  condi¬ 
tioning  room  in  groups  of  two.  This 
precaution  was  taken  to  eliminate  the 
possibility  of  a  specimen  varying  its 
moisture  content  while  waiting  to  be 
tested.  The  specimen  was  then  placed 
between,  the  adjustable  plates  and 
loaded  with  an  initial  200  pounds. 
The  dial  gage  was  then  centered  under 
the  head  of  the  machine  and  set  to  0 
deformation.  (See  Figure  4).  As  the 
load  was  applied,  readings  were  taken 
at  increments  of  200  pounds  until  the 
rate  of  deformation  became  excessive. 
When  it  was  reasonably  certain  that 
the  specimen  had  passed  its  propor¬ 
tional  limit,  the  load  was  removed  and 
another  specimen  inserted.  Due  to  the 
deformation  of  some  bolts,  a  new  bolt 
was  used  with  each  specimen.  After 
the  tested  specimen  had  been  inspected 
and  marked,  it  was  returned  to  the 
conditioning  room. 

In  some  cases,  it  was  necessary  to 
cut  off  a  portion  of  the  upper  corner 
of  the  specimen  in  order  to  provide 
adequate  space  for  the  dial  gage.  It 
was  felt  that  since  only  a  small  upper 
portion  of  the  specimen  had  been  re¬ 
moved,  the  test  values  would  not  be 
noticeably  influenced.  (See  Figure  1). 

Discussion 

Figures  5,  6,  and  7  show  the  re¬ 
lationship  between  the  proportional 
limit  loads  and  the  angles  to  the  grain 
at  which  the  test  loads  were  applied. 

The  Hankinson  and  Osgood  Formu¬ 
las,  as  stated  below,  were  used  as  a 
basis  for  comparison  and  plotted  on 
the  same  figures  as  the  test  results. 


Figure  8. — Curve  showing  relationship  of  safety  factor  of  test  results  and  that  of 

the  Hankinson  formula. 


Hankinson 


Formula  n  = 


pq _ 

p  Sin-()  q  Cos-Q 


_ pq _ 

q  -f  (p-q)  (Sin-’O  +  aCos-O)  Sin-^O 


Osgood  Formula  n  = 

In  the  above  formula: 

O  =  the  acute  angle  between  the 
direction  of  load  and  the  di¬ 
rection  of  the  grain  (See  Fig¬ 
ure  11a). 

p  =  the  proportional  limit  load 

parallel  to  the  grain 
q  =  the  proportional  limit  load 

perpendicular  to  the  grain 

n  =  the  proportional  limit  load 

at  O  to  the  grain 

a  =  a  coefficient  for  the  type  of 
wood  used,  which  for  South¬ 
ern  Yellow  Pine  is  given  by 
Osgood  as  0.35 


It  is  evident  from  the  tabulation  of 
test  results,  that  the  wide  variation  of 
results  for  any  given  angle  of  load 
application  may  be  attributed  to  some¬ 
thing  more  than  the  non-uniformity  of 
wood.  It  is  felt  that  mechanical,  speci¬ 
men,  and  human  inconsistencies  merit 
enough  consideration  to  be  included 
in  this  report.  The  following  is  merely 
an  enumeration  of  the  possible  sources 
of  error  and  the  authors  do  not  at¬ 
tempt  to  make  evaluations  of,  nor  cor¬ 
rections  for,  any  of  them. 

Eccentric  loading  may  be  considered 
among  the  principal  mechanical  er¬ 


rors.  If  the  specimens  are  not  cut 
squarely,  or  the  hole  through  the  speci¬ 
men  is  not  drilled  exactly  perpendicu¬ 
lar  to  the  plane  of  the  axes,  the  speci¬ 
men  will  bear  on  an  edge  rather  than 
on  a  flat  surface.  This  condition  will 
result  in  a  lower  proportional  limit 
because  of  the  decrease  in  area  of  re¬ 
sisting  the  load. 

Considerable  bending  of  the  '  >• 
inch  bolts  was  observed  between  tiie 
ranges  of  0  degrees  and  30  degr'  -s 
as  compared  to  virtually  none  in  i  le 
%-inch  and  1-inch  bolts.  There! ow, 
it  is  quite  possible  that  the  l/2-ii  h 
bolts  were  reaching  their  proportional 
limit  before  or  at  the  same  time  is 
the  specimen.  This  would  then  limit 
the  proportional  limit  of  the  spt'  1- 
men  to  the  proportional  limit  ot  the 
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bv)lt.  Because  of  the  relative  coinci¬ 
dence  of  the  proportional  limits  of  the 
bolts  and  the  specimens,  the  propor¬ 
tional  limit  may  be  though  of  as  that 
Of  the  joint  rather  than  that  of  either 
the  bolt  or  the  specimen. 

An  attempt  was  made  to  determine 
tlie  proportional  limit  of  the  ^-inch 
bolts  and  through  this  determine  a 
correction  factor  to  apply  to  the  joint 
wiiich  would  give  a  true  value  for  the 
wood.  No  satisfactory  results  were  ob¬ 
tained  because  of  the  difficulty  of  load¬ 
ing  the  bolt  exactly  as  it  had  been 
lo.ided  in  the  actual  test. 

In  actual  design  practice,  bolt  bend¬ 
ing  is  not  given  consideration  because 
the  "p”  and  "q”  values  as  given  in 
the  Hankinson  Formula  are  actually 
the  proportional  limit  load  values  of 
the  joint  rather  than  those  of  the 
wood. 

As  previously  mentioned,  these  tests 
were  carried  out  at  an  L  latio  of  4. 

This  ratio  was  determined  by  the  limi¬ 
tations  of  the  testing  equipment  and 
other  practical  considerations,  although 
the  testing  equipment  could  accommo¬ 
date  an  L  ratio  of  2  without  additional 
D 

alteration.  A  great  advantage  would 
be  realized  if  this  were  done.  If  the 
same  size  specimens  were  used,  the 
smallest  bolts  used  would  be  1-inch. 
Since  no  bending  was  observed  in 
bolts  larger  than  %-inch,  bolt  bend¬ 
ing  would  be  entirely  eliminated, 
thereby  producing  more  accurate  val¬ 
ues  for  the  wood. 

If  the  L  ratio  were  increased  to  6, 
"D  ‘ 

it  would  be  necessary  to  change  the 
size  of  the  specimens  to  agree  with 
the  size  of  commercial  bolts,  since  5- 
inches  is  the  greatest  width  that  can 
be  accommodated  by  the  adjustable 
testing  equipment.  With  reference  to 
the  proportional  limit  values  of  the 
wood,  the  test  results  would  be  virtu¬ 
ally  w'orthless  since  the  largest  bolt 
diameter  used  would  be  less  than  1- 
inch,  therefore  causing  excessive  bolt 
bending  in  all  specimens.  Since  bolt 
bending  would  be  obvious  in  all  speci¬ 
mens,  it  would  be  possible  to  get  the 
proportional  limit  values  of  the  joint 
which  would  be  of  as  much  practical 
value  as  that  of  either  the  bolt  or  the 
spei  imen. 

The  ever-present  non-uniformity  of 
the  specimens  themselves,  such  as 
knots,  cracks,  pitch  pockets  and  speci¬ 
fic  gravities,  must  be  given  the  usual 
consideration.  However,  for  these  tests 
only  high  quality  material  was  used. 

The  direction  of  the  grain  as  de¬ 
termined  by  the  annual  growth  rings 
of  the  specimen  in  the  parent  timber 
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requires  more  than  passing  interest.  It 
was  found  that  the  proportional  limit 
was  noticeably  higher  in  a  specimen  in 
which  the  growth  rings  were  parallel 
to  the  bolt  axis.  Lower  values  for  any 
given  angle  were  obtained  when  the 
growth  rings  were  perpendicular  to  the 
bolt  axis.  This  confirms  statements 
made  in  the  U.  S.  Department  of  Ag¬ 
riculture  Wood  Handbook.* 

The  major  human  errors  which  may 
have  contributed  to  any  inaccuracy  of 
the  results  may  be  attributed  to  plot¬ 
ting  the  test  results  and  establishing 
the  proportional  limit.  Although  a 
large  scale  was  used,  it  was  difficult  to 
accurately  determine  the  proportional 
limit.  In  some  cases,  the  unit  deforma- 

*  "U.  S.  Department  of  Agriculture  Wood 
Handbook,”  prepared  by  the  Forest  Products 
Laboratory,  Forest  Research,  Forest  Service. 
Slightly  revised,  June,  1940,  p.  56. 


tion  curve  w'as  very  erratic,  making 
the  determination  of  the  proportional 
limit,  at  best,  a  guess.  An  attempt  was 
made  to  determine  the  relationship  be¬ 
tween  the  various  proportional  limits 
by  finding  the  load  at  a  given  defor¬ 
mation.  The  results  obtained  by  this 
method  proved  to  be  more  variable 
than  the  original  proportional  limit 
estimation.  Unless  another  method  can 
be  devised,  the  authors  recommend 
that  data  such  as  this  be  plotted  on  an 
extremely  large  scale  and  the  propor¬ 
tional  limit  determined  directly  from 
the  curve.  Greater  accuracy  can  be  ob¬ 
tained  by  plotting  the  data  for  any 
given  specimen  several  times  and 
averaging  the  proportional  limits  taken 
from  these  separate  plots.  Figure  9 
shows  load  deflection  carves  for  8- 
inch  by  8-inch  specimen  sizes. 
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A  curve  tor  the  allowable  working 
loads  specified  by  the  "National  De¬ 
sign  Specifications  for  Stress  Grade 
Lumber  and  Its  Fastenings’ ’’•*  has  been 
plotted  for  the  1-inch  bolts  at  an 
L  ratio  of  4.  (See  Figure  7).  Note 
D" 

that  Pj,  values  are  allowed  a  25%  in¬ 
crease  for  steel  side  plates.  By  com¬ 
paring  the  values  on  the  latter  curve 
marked  "test  results”,  the  actual  safety 
factor  or  reduction  factor  can  be  de¬ 
termined  when  the  proportional  limit 
is  used  as  a  criterion.  The  theoretical 
safety  or  reduction  factor  which  the 
present-day  design  specifications  fol¬ 
low  can  be  found  by  comparing  the 
values  on  the  allowable  load  curve 
with  the  corresponding  values  on  the 
Hankinson  curve.  These  comparisons 
have  been  made  and  are  presented 
for  1-inch  bolts  in  the  form  of  a 
graph,  as  shown  in  Figure  8.  A  com¬ 
parison  of  the  actual  safety  factor  to 
the  theoretical  safety  factor  will  show 
the  amount  by  which  the  margin  of 
safety  has  been  increased  or  reduced. 
Figure  8  shows  that  there  is  a  variable 
reduction  (approximately  5  to  11%) 
in  the  safety  factor  between  20  de¬ 
grees  and  60  degrees.  The  1-inch  bolt 
in  the  8-inch  by  8-inch  by  4-inch  speci¬ 
men  was  chosen  for  this  comparison 
because,  due  to  the  absence  of  bolt 
bending,  relatively  true  values  for  the 
wood  were  obtained. 

Conclusions 

Figure  5  shows  that  the  test  re¬ 
sults  for  the  ^-inch  bolt  fall  between 
Osgood  and  Hankinson  in  the  0  to  30 
degree  range  and  below  Hankinson  in 
the  30  to  90  degree  range.  This  in¬ 
consistency  may  be  attributed  to  the 
bolt  bending  which,  as  previously  men¬ 
tioned,  was  excessive  between  0  and 
30  degrees.  The  Osgood  Formula  is 
consistently  higher  than  either  the 
Hankinson  Formula  or  the  test  results. 
Because  of  this,  one  could  legitimately 
cjuestion  the  validity  of  Osgood’s  "a” 
value  of  0.35.  By  increasing  the  value 
of  "a”,  the  three  curves  would  be 
more  nearly  alike. 

The  test  results  obtained  by  Pitz*" 
for  the  l/2-inch  bolt  were  lower  than 
either  Osgood  or  Hankinson  between 
0  and  45  degrees.  Between  45  and 
90  degrees  Pitz  was  between  Hankin¬ 
son  and  Osgood. 

Figure  6  shows  that  the  test  re¬ 
sults  for  the  %-inch  bolts  are  above 
both  Hankinson  and  Osgood,  indicat¬ 
ing  that  the  test  results  more  nearly 
approach  the  Osgood  Formula.  It  is 
also  evident  that  the  0.35  value  for 
"a”  is  acceptable  here,  which  is  in  di- 

’  "National  Design  Specifications  for  Stress 
Grade  Lumber  and  Its  Fastenings,”  Table  No. 
12. 

>0  Pitz. 


rect  conflict  with  the  results  of  the 
^-inch  bolt  test.  In  view  of  the  in¬ 
consistent  data,  the  authors  recommend 
that  these  tests  be  rerun  before  any 
definite  conclusions  are  drawn  from 
this  series.  However,  from  the  general 
trend  of  the  available  data,  the  au¬ 
thors  feel  confident  that  the  Hankin¬ 
son  Formula  is  conservative  and  can 
be  safely  used  in  this  series. 

The  test  results  obtained  by  Pitz  for 
the  %-inch  bolts  were  higher  than 
Osgood  and  Hankinson  between  0  and 
50  degrees,  but  favoring  Osgood.  Be¬ 
tween  50  and  90  degrees  Pitz  was  be¬ 
tween  Hankinson  and  Osgood. 

Figure  7  shows  that  the  test  re¬ 
sults  for  the  1-inch  bolts  differ  notice¬ 
ably  from  the  general  shape  of  the 
Hankinson  and  Osgood  curves.  In 
this  instance,  bolt  bending  was  not  a 
factor;  therefore  the  proportional 
limit  values  may  be  considered  as  those 
of  the  wood  only.  The  Osgood  curve, 
as  shown  in  Figure  7,  is  again  con¬ 
siderably  higher  than  the  test  results. 
This  substantiates  the  possibility  of  an 
error  in  using  "a”  as  0.35.  As  in  the 
^-inch  series,  an  increase  of  the  "a” 
factor  would  lower  the  Osgood  curve 
and  approach  the  test  results. 

The  test  results  obtained  by  Pitz  for 
the  1-inch  bolts  were  between  Hankin¬ 
son  and  Osgood  in  all  ranges  and 
favored  Osgood. 

The  Hankinson  curve  for  the  1- 
inch  bolts  has  been  evaluated  on  the 
basis  of  a  safety  or  reduction  factor 
rather  than  the  proportional  limit  value 
of  the  wood.  It  was  felt  that  since  the 
original  tests  were  carried  out  with 
plane  bearing  surfaces  rather  than  bolt 
bearing,  the  safety  factor  analysis 
would  be  of  more  practical  value.  The 
safety  factors,  as  determined  by  the 
National  Design  Specifications  for 
Timber  and  Its  Fastenings,  are  shown 
in  Figure  8.  The  percentage  differ¬ 
ences  between  Hankinson  and  the  test 
results  varies  from  5.1%  at  20  de¬ 
grees  to  a  maximum  of  10.9%  at  40 
degrees  and  back  to  5.9%  at  60  de¬ 
grees.  From  a  practical  consideration, 
this  range  is  critical  in  that  a  greater 
percentage  of  truss  joint  failures  oc¬ 
cur  between  20  and  60  degrees  than 
at  values  approaching  0  and  90  de¬ 
grees.  The  authors  recommend  that  the 
Hankinson  values  for  "n”  be  decreased 
by  10%  between  the  ranges  of  20  and 
60  degrees.  Although  the  percent  var¬ 
iation  of  the  safety  factor  approaches 
a  parabolic  function,  it  does  not  war¬ 
rant  the  additional  calculation  neces¬ 
sary. 

The  authors  further  recommend 
that  additional  tests  be  carried  out  on 
bolts  exceeding  1-inch  in  diameter. 
There  appears  to  be  a  "break  even 


point”  between  the  %-inch  and  1- 
inch  bolts  beyond  which  the  Hankin 
son  Formula  gives  inaccurate  results 
on  the  unsafe  side.  If  further  tests 
were  performed,  with  emphasis  on  tlu 
0  to  30  degree  range  and  also  at  90 
degrees,  the  results  would  give  a  more 
accurate  indication  of  the  loading 
characteristics  of  these  specimens. 
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Describes  tests  made  to  determine  the  effects  of  veneer  thick-  It  is  obvious  that  the  study  of  veneer 

ness  and  drying  condition  on  the  rate  of  drying,  and  proposes  a  drying  rates  and  of  the  effects  of  vari- 

veneer  drying  theory  based  on  heat  transfer.  factors  on  these  rates  would  be 

greatly  facilitated  if  a  simple  method 


The  dryinc;  of  veneer  has  often 
been  looked  upon  as  so  simple  a 
process  as  to  merit  little  detailed  study. 
Ihe  speed  of  drying  and  the  relative 
freedom  from  defects  that  characterize 
the  drying  of  veneer  in  large  industrial 
driers,  as  compared  to  lumber  drying, 
have  perhaps  served  to  create  an  er¬ 
roneous  impression  that  there  are  no 
great  problems  involved  in  this  proc¬ 
ess.  Yet  only  a  casual  inejuiry  will 
bring  out  the  fact  that  the  current 
knowledge  of  veneer  drying  is  based 
largely  on  trial  and  error  methods  and 
that  there  is  little  understanding  of 
the  fundamental  principles  involved 
in  the  process. 

Veneer  is  usually  dried  in  large- 
drying  ovens,  sometimes  over  100  feet 
long,  through  which  the  sheets  move 
on  a  continuous  belt  or  roller  conveyor. 
Temperatures  in  the  drier  are  usually 
above  212°  F.  and  may  be  as  high  as 
375°  F.  or  more.  In  designing  such  a 
drier  it  would  be  extremely  helpful  for 
the  design  engineer  to  know  some¬ 
thing  about  the  drying  rates  of  the 
wood  as  it  progresses  through  the 
machine,  for  he  must  make  decisions 
about  the  control  and  proper  applica¬ 
tion  of  heat,  air  circulation,  and  pos¬ 
sibly  humidity  at  various  points  in  the 
drier.  In  practice,  questions  arise  about 
the  development  of  casehardening, 
honeycombing,  and  buckling  stresses 
in  veneer  drying.  Proper  operation  of 
the  drier,  involving  adjustment  of  the 
time  schedule  to  fit  the  temperature 
conditions — which  in  turn  may  vary 
during  the  day  depending  on  steam 
pressures  available  to  the  drier — and 
to  fit  the  needs  of  the  veneer,  that  may 
vary  from  time  to  time  in  species,  den- 

‘  This  subject  was  presented  by  the  author  to 
thf  Forest  Products  Research  Society  at  a  meet¬ 
ing  of  the  Central  States  Section  at  Louisville, 
Ky  on  October  2,  19'2,  and  to  the  Upper 
Mississippi  Valley  Section  at  Wausau,  Wis..  on 
Dei  ember  9,  19^2.  The  paper  is  based  on  work 
doi.e  at  the  Forest  Products  I.aboratory  and  sub- 
mlt-i-d  to  the  Graduate  School  of  Yale  Univer¬ 
sity  as  a  dissertation  for  the  degree  of  Doctor 
of  Philosophy.  The  detailed  report  of  this  study 
IS  now  in  press  and  will  be  published  under  the 
title  "Drjdng  Rates  of  Thin  Sections  of  Wood 
St  iligh  Temperatures,”  Bulletin  No.  59.  Yale 
Unversity,  School  of  Forestry,  New  Haven, 
Corn, 

“  A  contributed  paper. 

"  Maintained  at  Madison,  Wis.,  in  cooperation 
*it'.  the  University  of  Wisconsin. 
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sity,  thickness,  initial  moisture  content, 
and  in  other  respects,  is  a  complicated 
task. 

Apart  from  these  problems,  little  is 
known  about  the  effects  of  the  high 
drying  temperatures  on  the  properties 
of  the  dried  material — its  strength,  its 
hygroscopicity,  its  gluing  properties, 
its  check-resistance,  its  paintability, 
and  so  forth.  The  study  described 
here  had  to  do  chiefly  with  drying 
rates.  It  dealt  only  in  a  cursory  way 
with  the  development  of  drying  de¬ 
fects,  and  not  at  all  with  the  proper¬ 
ties  of  the  wood  dried  under  different 
.schedules. 

The  Measurement  of  Drying  Rates 

Some  typical  drying  rate  curves, 
representative  of  the  data  obtained  in 
drying  almost  200  test  specimens  of 
yellow-poplar,  sweetgum,  and  redwood 
heartwood,  are  shown  in  figure  1 . 
These  curves  were  developed  on  the 
basis  of  individual  weighings,  taken 
at  frequent  intervals  during  the  dry¬ 
ing  of  small  specimens  under  closely 
controlled  conditions  of  temperature, 
air  circulation,  and  humidity. 


tor  numerically  expressing  the  drying 
rate  curves  shown  in  figure  1  were 
available.  The  usual  method  of  ex¬ 
pressing  drying  rates  by  stating,  for  ex¬ 
ample,  that  l/l6-inch  birch  veneer  can 
be  dried  in  10  minutes  at  a  tempera¬ 
ture  of  230°  F.  or  that  ^g-inch  fir 
heartwood  dries  in  10  minutes  at  a 
temperature  of  350°  F.,  does  not  lend 
itself  to  mathematical  treatment  for  it 
fails  to  take  into  account  possible 
variations  in  initial  and  final  moisture 
content,  the  effect  of  external  factors 
other  than  temperature,  and  variability 
in  the  drying  material  itself. 

Lumber  Drying  Rates:  An  ade¬ 
quate  method  of  measuring  and  ex¬ 
pressing  drying  rates  of  lumber  is 
afforded  by  use  of  the  so-called 
diffusion-coefficient  or  "k-value”  (6) 
(8).^  The  calculations  leading  to  the 
development  of  this  coefficient  are 
based  on  the  assumption  that  the 
diffusion  of  water  through  the  wood 
to  the  surface,  where  it  can  evaporate 
freely  to  the  air  stream,  is  the  limiting 
factor  that  determines  the  rate  of  dry¬ 
ing  at  any  instant  during  the  cycle. 

*  Numbers  in  parentheses  refer  to  literature 
cited  at  the  end  of  this  paper. 


offi'Ktc  r,«f  rimnuresj 

Figure  1. — Representative  drying  curves  (moisture  content  vs.  time)  for  yellow-poplar 
heartwood  specimens,  1/16-  and  1 /4-inch  thick,  from  log  No.  1,  dried  at  on  air  velocity 
of  600  feet  per  minute  and  at  indicated  temperature  and  absolute  humidity  conditions. 
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Tests  on  ^-inch  yellow-poplar 
heartwood  veneer,  dried  at  tempera¬ 
tures  of  150°,  250°,  and  350°  F.,  at 
air  velocities  of  200,  600,  and  1,000 
feet  per  minute,  and  at  two  widely 
different  humidities  indicated  that  the 
conventional  method  of  measuring 
drying  rates  with  the  aid  of  the  "k- 
value,”  as  in  the  case  of  lumber  dry¬ 
ing,  can  be  used  for  this  material.  The 
"k-values”  obtained  in  these  tests  agree 
well  with  coefficients  calculated  on  the 
basis  of  diffusion  as  affected  by 
capillary  structure  considerations  (7). 

Curve  A,  figure  2,  shows  the  typical 
curve  for  the  drying  of  ^-inch  mate¬ 
rial,  when  plotting  drying  rates  over 
elapsed  time  during  the  drying  cycle. 
This  curve,  normally  a  parabola,  is 
similar  to  the  curve  representing  lum¬ 
ber  drying  rates.  Its  shape  is  generally 
explained  on  the  basis  of  diffusion 
phenomena  (8). 

Veneer  Drying  Rates  Based  on 
Heat  Transfer:  A  different  type  of 
curve  was  found  to  represent  the  dry¬ 
ing  rates  of  specimens  Yg-,  and 
1  /32-inch  thick.  This  type  of  curve, 
shown  in  Bl  and  B2,  figure  2,  is  char¬ 
acterized  by  a  sloping  straight  line 
over  all  or  much  of  the  drying  cycle, 
when  drying  rates  are  plotted  over  dry¬ 
ing  times.  Similar  curves  have  been 
observed  by  others  in  veneer  drying 
tests  (5)  and  in  the  drying  of  paper 
(3).  In  these  materials,  therefore,  the 
diffusion  coefficient  or  "k-value”  is 
of  no  use  in  measuring  drying  rates. 
Other  investigators  (1)  and  (4)  also 
have  not  used  the  diffusion  explana¬ 
tion  in  their  studies  of  veneer  drying 
rates. 

Heat  is  required  to  evaporate  water, 
and  if  there  is  no  retarding  influence 
such  as  a  slow  rate  of  diffusion 
through  the  wood  to  the  point  where 
evaporation  takes  place,  then  the 
amount  and  rate  of  evaporation  should 
be  proportional  to  the  amount  and 
rate  of  heat  transferred  from  the  sur¬ 
rounding  media  to  the  drying 
specimen. 

Temperature  data  obtained  during 
the  drying  cycle  formed  the  basis  for 
the  calculations  of  heat  transfer. 
Curves  showing  the  temperature  con¬ 
ditions  during  drying  are  shown  in 
figure  3.  These  curves  were  based  on 
temperature  measurements  at  the  sur¬ 
faces  and  at  midthicknesses  of  the 
test  specimens  during  drying.  All 
curves  showed  a  rapid  temperature 
rise  early  during  the  drying  cycle,  then 
a  slowing  up  of  the  temperature  rise 
as  it  approached  the  wet  bulb  tem¬ 
perature  of  the  atmosphere  (or  212° 
F.  when  the  dry  bulb  temperature  was 
above  212°  F.),  and  finally  a  second 
more  rapid  rise  and  a  gradual  approach 


to  the  temperature  of  the  drying 
atmosphere. 

Figure  3  also  shows,  on  the  upper 
scale,  the  moisture  content  during  the 
drying  cycle.  In  most  cases  the  point 
at  which  the  second  rapid  rise  in  tem¬ 
perature  began  coincided  approxi¬ 
mately  with  the  point  at  which  the  av¬ 
erage  moisture  content  dropped  to  the 
fiber  saturation  point,  or  between  25 
and  30  percent. 

Temperature  curves  for  ^-inch  ve¬ 
neer  indicated  that  a  measurable  tem¬ 
perature  difference  between  surface 
and  interior  existed  throughout  the 
drying  cycle.  Such  a  temperature  differ¬ 
ence  implies  also  a  difference  in  water 
vapor  pressures  between  surface  and 
in'^erior  and  hence  also  a  difference  in 
moisture  content.  Throughout  the  dry¬ 
ing  cycle  of  ^-inch  material,  there¬ 
fore,  a  temperature  gradient,  from  a 
high  temperature  at  the  surface  to  a 
lower  temperature  inside,  and  a  mois¬ 
ture  content  gradient,  from  high  in¬ 
side  to  low  at  the  surface  is  evident. 
Temperature  curves  also  showed  that 
this  condition  existed  in  l/g-inch  ve¬ 
neer  dried  at  the  150°  F.  temperature. 

In  the  ^-inch  veneer  dried  at  250° 
and  350°  F.,  the  temperature  gradient 
was  observable  only  in  the  first  stage 
of  drying,  approximately  before  the 
temperature  rose  above  212°  F.  and 
the  average  moisture  content  dropped 
below  the  fiber  saturation  point. 
Beyond  this  point  there  was  no  ob¬ 
servable  temperature  gradient,  hence 
also  no  moisture  content  gradient. 
Diffusion  of  moisture  or  of  heat 
through  the  thickness  of  the  piece  is 
therefore  not  a  limiting  factor  in  this 
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range,  and  the  rate  of  heat  transfer 
from  the  external  environment  to  the 
drying  specimen  may  be  assumed  to 
control  the  rate  of  drying.  The  classi¬ 
fication  of  specimens  into  two  types, 
based  on  the  mechanism  that  controls 
their  drying,  corresponds  to  differences 
in  drying  rate  curves  as  illustrated  in 
figure  2  by  A  on  the  one  hand  and  b\ 
Bl  and  B2  on  the  other.  For  the  com 
mon  thicknesses  of  veneer,  therefore, 
up  to  ^-inch  thick  and  possibh 
thicker,  any  method  devised  for  meas 
uring  and  estimating  drying  rates 
ought  to  be  based  primarily  on  heat 
transfer  rather  than  on  diffusion  data. 

Characteristics  of  Veneer  Drying 
Rate  Curves:  Figure  4  will  be  help 
ful  in  illustrating  the  relationship  h  - 
tween  the  total  amount  of  heat  tran- 
ferred  to  the  specimen  and  the  vapor¬ 
ization  of  water.  Whereas  the  curves 
themselves,  as  drawn,  indicate  rales  of 
heat  consumption,  the  areas  beneaUi 
them  indicate  total  ejuattltlies  of  hear 
used.  By  far  the  largest  part  of  tl  e 
heat  transferred  is  used  to  evaporal 
water,  as  is  indicated  by  the  lovvar 
curve.  The  area  between  the  two  curve-, 
indicates  the  quantity  of  heat  no: 
available  for  evaporating  water,  hut 
used  to  heat  the  wood  and  the  water 
in  it.  The  relationship  between  th. 
"heat  of  vaporization”  curve  shown  in 
figure  4  and  the  drying  rate  curve 
.such  as  arc  presented  in  figure  2,  curve 
Bl,  is  a  direct  one.  Since  539  caloricA 
of  heat  are  required  to  evaporate  one 
gram  of  water,  the  rate  of  drying,  in 
grams  per  minute,  is  easily  converted 
to  heat  of  vaporization  (in  calories) 


if 
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Figure  2. — Types  of  drying-rote  curves  encountered  when  plotting  drying  rotes  ogoins: 
time.  A:  From  yellow-poplar  log  No.  1,  %-inch  thick,  dried  at  250°  F.,  air  velocity  of  60: 
feet  per  minute,  low  absolute  humidity;  Bl:  From  yellow-poplar  log  No.  1,  ’/(-inch  thick 
dried  at  350°  F.,  velocity  of  600  feet  per  minute,  high  absolute  humidity;  B2:  From  yellow 
poplar  log  No.  2,  '/(-inch  thick,  dried  at  250°  F.,  velocity  of  600  feet  per  minute,  higi 
absolute  humidity. 
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Figure  3. — Temperatures  at  the  surface  and  inside  specimens,  and  average  moisture 
contents,  during  drying.  Specimens  were  '/a-inch  and  %-inch  thick,  from  yellow-poplar  log 
No.  2,  and  were  dried  at  low  absolute  humidity,  600  feet  per  minute  air  velocity,  and  at 
the  indicated  temperature. 


lonsumed  per  minute  by  multiplying 
tlie  former  by  539.  A  consideration  of 
tiie  interactions  of  a  number  of  factors 
tliat  affected  the  rate  of  heat  transfer 
explained  the  typically  straight-line  re- 
l.itionship  illustrated  in  figure  4.  These 
l.ictors,  all  of  which  were  found  to  be 
constantly  changing  during  the  drying 
ivcle,  were  the  temperature  and  mois¬ 
ture  content  of  the  specimen,  the 
( verall  specific  heat  of  the  wood  and 
tiie  water  in  it,  and  the  rate  of  evap¬ 
oration  of  water  from  the  specimen. 

The  mathematical  expression  of  the 
sloping  dotted  line,  Bl,  in  figure  2  is 
simple.  The  line  intercepts  the  vertical 
axis  at  a  value  of  0.72  grams  per 
minute.  It  intercepts  the  horizontal 
axis  at  about  22^  minutes.  The  slope 
ot  this  line,  expressed  by  the  symbol 
"s”,  is  therefore  0.72  -h  22^,  or 
0.032.  This  means  that  the  rate  of 
evaporation  per  minute  is  decreasing 
on  the  average  by  0.032  grams  per 
minute.  This  value  of  "s”  applies  to 
a  drying  specimen  of  the  size  used  in 
these  tests,  3  by  6  inches.  Converting 
to  a  specimen  of  unit  size  having  a 
surface  area  of  one  square  foot  (i.e., 
specimen  size  6  by  12  inches)  yields 
the  more  useful  term  "S”  which  may 
be  used  in  applying  the  method  to 
commercial  drying. 

The  S-value  may  be  used  as  an 
estimate  of  drying  time  of  veneer,  for 
\'S  is  inversely  proportional  to  dry¬ 
ing  time.  If  one  veneer  having  an  S- 
value  of  1  dries  in  10  minutes,  then 
another  having  an  S-value  of  4  would 
1 

dry  — ror  one-half  as  fast,  or  in  5 

V4 

minutes.  This  rule  holds  provided 
initial  and  final  moisture  contents  are 
the  .same  in  both  specimens. 

When  specimens  varying  greatly  in 
initial  moisture  content,  but  otherwise 
identical,  arc  dried  under  similar  con¬ 
ditions  the  S-value  is  not  necessarily 
different  even  though  the  total  drying 
time  may  differ.  Comparisons  were 
made  of  yellow-poplar  specimens  from 
two  different  logs.  The  logs  did  not 
differ  greatly  in  density  but  were 
greatly  different  in  moisture  content. 
Specimens  from  one  had  a  moisture 
content  of  about  150  percent,  while 
those  from  the  other  had  about  75 
percent  moisture.  A  comparison  of 
drying-rate  curves  for  tw'O  such  speci¬ 
mens  of  yellow-jx)plar  veneer,  vary¬ 
ing  greatly  in  initial  moisture  content, 
is  shown  in  figure  5.  The  dotted  lines 
for  the  two  specimens,  expressing  av¬ 
erage  drying  rates  through  the  drying 
c)'ile,  are  approximately  parallel  and 
hence  the  "S-values”  for  the  two  speci¬ 
mens  are  the  same.  A  statistical  analy¬ 
sis  of  S-values  established  the  validity 
of  he  conclusion  that  the  great  differ¬ 


ence  in  initial  moisture  content  did  not 
affect  the  slope  of  the  drying-rate  line. 

There  was  only  one  general  excep¬ 
tion  to  this  conclusion.  This  exception 
is  typified  by  the  specimen  illustrated 
in  B2,  figure  2.  As  pointed  out  previ¬ 
ously,  some  yellow-poplar  specimens 
displayed  a  distinct  irregular  or  "con¬ 
stant-rate”  drying  period  before  the 
typical  falling-rate  period  began. 
These  specimens  were  all  of  the  group 
that  had  a  high  initial  moisture  con¬ 
tent  of  about  150  percent,  and  even 
then  the  phenomenon  was  pronounced 
only  when  the  absolute  humidity  was 
high.  Because  of  this  high  humidity, 
evaporation  from  the  surface  of  the 
specimen  could  not  begin  until  its  tem¬ 
perature  had  reached  the  dewpoint 
temperature  of  the  atmosphere,  which 
in  this  case  was  202°  F.  The  very  high 
water  content  of  specimens  from  the 
wet  log  significantly  retarded  the 
warming  up  of  these  specimens.  The 


delay  in  coming  to  the  dewpoint  tem¬ 
perature  over  the  entire  surface  of  the 
specimen  explains  why  the  typical 
falling-rate  period  did  not  begin 
almost  at  once.  The  phenomenon  of 
course  is  apparent  in  all  specimens, 
but  was  significantly  .so  only  under  this 
particular  combination  of  very  high 
initial  moisture  content  and  very  high 
humidity.  Whether  this  particular  con¬ 
dition  is  common  in  veneer  driers  is 
not  known.  If  so,  it  can  probably  be 
controlled,  when  it  occurs,  by  con¬ 
trolling  the  ventilation  in  the  drier. 
For  most  of  the  specimens  represented 
in  this  study,  a  "constant-rate  period” 
at  the  start  can  be  overlooked,  and 
calculations  can  be  based  on  the  as¬ 
sumption  that  the  "S-value”  applies 
throughout  the  cycle. 

Further  analyses  of  test  data  were 
made  to  determine  the  effects  of  other 
factors,  namely  drying  temperature, 
air  velocity  over  the  specimen,  at- 
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Figure  4. — Curves  showing  total  heat 
transfer  and  heat  consumed  in  evaporating 
water  during  the  drying  of  a  '/g-inch  yellow- 
poplar  specimen  from  log  No.  2,  at  an  air 
velocity  of  600  feet  per  minute,  low  abso¬ 
lute  humidity,  and  a  temperature  of  350  F. 

mospheric  humidity,  and  thickness  of 
the  veneer.  The  drying  rate,  as  ex¬ 
pressed  by  "S-values”  varied  directly 
with  temperature  and  air  velocity,  and 
indirectly  with  veneer  thickness.  The 
effect  of  humidity  was  more  compli¬ 
cated.  Specimens  dried  at  a  tempera¬ 
ture  of  150°  F.  showed  a  very  signi¬ 
ficant  effect  of  humidity,  the  rate  vary¬ 
ing  inversely  with  humidity.  At  250° 
and  350°  F.,  humidity  had  no  signifi¬ 
cant  effect  on  the  drying  rate  at  all, 
except  when  combined  with  a  very 


high  initial  moisture  content  of  the 
wood,  as  explained  above.  The  effect 
of  humidity  on  S-values  is  apparently 
significant  only  when  the  drying  tem¬ 
perature  is  below  the  boiling  point  of 
water,  212°  F.  The  relationship  is 
indicated  in  figure  6. 

S-values  for  Yellow- poplar 

In  industrial  veneer  drying  tempera¬ 
tures  used  in  mechanical  driers  are 
usually  over  212°  F.  The  particular 
condition  of  high  moisture  content  and 
very  high  humidity  in  the  drier,  that 
causes  a  significant  "constant-rate”  dry¬ 
ing  period  and  makes  the  S-value  in¬ 
applicable  over  the  entire  drying  cycle, 
probably  does  not,  or  need  not,  occur 
in  a  mechanical  drier  with  adequate 
provision  for  ventilation.  Except  for 
these  limitations,  therefore,  the  S-value 
can  be  used  to  estimate  drying  rates 
of  thin  veneers  under  any  given  com¬ 
bination  of  factors.  For  the  yellow- 
poplar  specimens  used  in  these  tests, 
an  estimating  equation  was  derived  by 
a  least-squares  calculation,  as  follows; 

Log  S  =  2.98  (log T)  q- 0.78  (log  V) 
—  1.34  (log  D)  — 11.34 

where 

T  =  drying  temperature,  °F. 

V  =  air  velocity,  ft./min. 

D  =  veneer  thickness,  in. 

S-values  ob  ained  by  use  of  this 
equation,  for  three  thicknesses  of 
yellow-poplar  veneer  dried  at  an  air 
velocity  ol  OOO  feet  per  minute  (prob¬ 
ably  a  fair  average  for  commercial 


driers)  over  a  wide  range  of  tempera¬ 
tures,  are  shown  by  the  solid  lines  in 
figure  7. 

Check  tests  on  the  heartwood  of 
two  other  species  of  wood,  sweet-gum 
and  redwood,  indicated  that  the 
method  of  expressing  drying  rates  in 
terms  of  the  S-value  was  also  ap 
plicable  to  those  species.  The  number 
of  tests  performed  on  these  specio 
was  not  great  enough  to  justify  a  de¬ 
tailed  mathematical  analysis,  but  the 
S-values  obtained  for  redwood  spec- 
mens,  as  indicated  by  the  dotted  lin.s 
in  figure  7,  were  not  consistent 'y 
higher  or  lower  than  those  for  yellov - 
poplar.  The  sweetgum  values,  on  t;  e 
other  hand,  were  slightly  but  co  i- 
sistently  lower  than  those  for  yello  - 
poplar,  indicating  that  sweetgi  n 
heartwood  drying  rates  may  be  s  ;- 
nificantly  lower  than  those  for  t  e 
other  two  species  tested. 

How  to  Use  the  S-value:  The  i  - 
formation  provided  by  the  S-vai.ie 
and  the  drying  rate  data  that  it  rt,)- 
resents  may  be  of  use  in  connection 
with  designing  or  modifying  venc-r 
driers  to  improve  their  efficiency.  1  ne 
value  offers  a  convenient  means  lor 
comparing  drying  rates  of  vario  is 
species,  thicknesses,  or  types  of  venc\  r. 
Of  greatest  interest  to  the  practaal 
man,  however,  is  its  use  in  connection 
with  operating  his  veneer  drier  to  ob¬ 
tain  uniformly  dry  veneer.  In  gener.il, 
the  attainment  of  uniform  moisture 
content  in  the  dry  veneer  is  attempti.d 
by  controlling  the  only  readily  con¬ 
trollable  factor,  the  time  in  the  drier. 


Figure  5. — Comparison  of  drying  rates  of  yellow-poplar  specimens  having  high  (log  No.  2,  148.5  percent)  and 

low  (log  No.  1,  76.2  percent)  initial  moisture  contents.  Specimens  were  '/s-inch  thick  end  were  dried  af  low  abso¬ 
lute  humidity,  with  an  air  velocity  of  600  feet  per  minute  and  a  temperature  of  350  F. 
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Figure  6. — Plot  of  S-volues  for  log  No.  1  bosed  on  overages  of 
1/32-,  1/1 6-,  and  Vs -inch  thicknesses,  200,  600,  and  1,000  foot 
air  velocities,  and  at  250°  and  350°  F.  for  both  absolute  humidi¬ 
ties,  illustrating  the  interaction  of  temperature  and  humidity  and 
the  curvilinear  temperature  effect  at  the  lower  temperatures. 


This  adjustment  unfortunately  must 
often  be  made  by  guesswork.  Yet  after 
accumulation  of  a  few  empirical  data 
the  method  described  here  can  be  used 
to  determine  accurate  and  correct  ad¬ 
justments  of  time  schedules,  taking 
into  account  changes  in  species,  ve¬ 
neer  thickness,  drier  temperature, 
initial  moisture  content  of  the  veneer, 
and  final  moisture  content  desired. 
The  method  is  best  illustrated  by  an 
example. 

Let  us  assume  that  a  piece  of 
Douglas-fir  heartwood  veneer,  ^  inch 
thick  and  6  by  12  inches  in  size  when 
green,  is  dried  to  a  moisture  content 
of  about  3  percent.  -When  green,  the 
piece  weighed  81.8  grams;  after  9 
minutes  it  emerged  from  the  drier  with 
a  weight  of  63.8  grams.  Subsequently 
it  was  ovendried  and  weighed  62.0 
grams.  In  order  that  a  value  for  "S” 
may  be  calculated,  it  is  necessary  to 
know  how  long  the  veneer  would 
have  to  be  in  the  drier  to  come  to  the 
ovendry -weight  of  62  grams.  The  cal¬ 
culation  of  this  apparently  simple 
value  requires  the  use  of  calculus. 
However,  the  necessary  steps  having 
been  made,  a  relatively  simple  equa¬ 
tion  evolves  that  applies  to  the  drying 
of  veneer  at  temperatures  above  212° 


Figure  7. — Comparison  of  S-volues  obtained  in  drying  tests  of 
redwood  specimens  with  values  for  yellow-poplar  obtained  by  use 
of  the  estimating  equation  at  an  air  velocity  of  600  feet  per  minute. 


w 


2Wt+V(2Wt)2— 4(W— w 


2(W  — w) 

wh  re 

'*  =  time  theoretically  required  to 
dry  to  0  percent  moisture  con¬ 
tent,  minutes 


weight  of  water  in  the  green 
specimen,  grams 

w  =  weight  of  water  remaining  at 
the  end  of  the  actual  drying 
cycle,  grams 

t  =  actual  drying  cycle  or  time  in 
drier,  minutes. 

For  the  specimen  mentioned  above, 

W  =  81.8  — 62  =  19.8  grams 
w  =  63.8  —  62  =  1.8  grams 
t  =  9  minutes 

From  the  solution  of  the  equation,  we 
find  that  T  or  the  time  that  would 
theoretically  be  required  to  bring  the 
veneer  to  0  moisture  content  in  the 
drier  would  be  12.97  minutes.  "S,”  or 
the  slope  of  the  drying  rate  line,  is 
now  readily  determined  from  the 

equation; 

S=2W/T^  or 
S  =  2  X  19.8/12.97-  =  0.236 

Once  the  S-value  is  known  for  any 
given  .set  of  conditions,  the  entire  dry¬ 
ing  curve  may  be  determined.  An 

easy  way  of  doing  this  graphically  is 
illustrated  in  figure  8.  It  is  necessary 
to  use  logarithmic  cross  section  paper, 
'I  f'Wt^'l  moisture  content,  in 

'  ^  percent,  on  the  vertical  axis  and 

'time  to  reach  equilibrium,” 


which  is  the  reverse  of  time  elapsed 
during  the  drying  cycle,  on  the  hori¬ 
zontal  axis.  We  have  already  deter- 
termined  that  the  time  to  reach  equi¬ 


librium,  or  in  this  case  0  percent 
content,  is  12.9  minutes.  The  moisture 
content  at  the  start  of  the  drying 
cycle  is: 

Moisture  content  = 

81.8  —  62.0  , 

- - X  100  =  32  percent 

62.0  * 

These  values  give  us  one  point  in 
figure  8.  At  the  other  point,  9  minutes 
later,  the  time  value  is  12.9  —  9  = 
3.9,  and  the  moisture  content  is  3 
percent.  A  straight  line  may  now  be 


Figure  8. — Graphic  method  of  deriving  the 
drying  curve  from  two  known  points. 
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drawn  through  these  points  and  the 
moisture  content  at  any  time  during 
the  drying  cycle  is  easily  read  from  it. 

To  use  this  curve  properly,  the  drier 
operator  must  obviously  know  the 
moisture  content  of  the  veneer  as  it 
enters  the  drier.  Adjustments  in  time 
schedules  must  be  made  to  accommo¬ 
date  variations  in  initial  moisture  con¬ 
tent  of  veneer.  Bethel  and  Hader  (1) 
have  also  pointed  out  that  for  the 
proper  drying  of  veneer  to  constant 
moisture  contents  it  is  necessary  to 
regulate  the  drier  from  the  green  end 
rather  than  from  the  dry  end  as  is  now 
commonly  done. 

Once  a  number  of  "S- values”  have 
been  determined  for  any  drier  and  for 
any  given  species  of  veneer,  interpola¬ 
tions  to  estimate  drying  rates  at  other 
conditions  than  those  actually  checked 
are  easily  made.  For  example,  curves 
similar  to  those  shown  in  figure  7  can 
be  prepared  and  from  them  S- values 
for  a  wide  range  of  drying  tempera¬ 
tures  and  veneer  thicknesses  can  be 
estimated.  When  plotting  S-values 
over  veneer  thickness,  drying  tempera¬ 
ture,  or  air  velocity,  logarithmic  cross 
section  paper  should  be  used  for  the 
relationships  may  be  expressed  as 
straight  lines  on  such  paper. 

The  S-value  may  also  serve  as  a 
practical  means  of  evaluating  the  effi¬ 
ciency  of  one  drier  as  compared  to 
another.  All  of  the  /actors  at  work 
in  a  commercial  drier  may  not  always 
be  known.  Air  velocity  over  the  ve¬ 
neer  surface  may  be  very  hard  to  de¬ 
termine  in  some  tyj-xjs  of  driers.  Tem¬ 
perature  may  vary  along  the  length  of 
the  drier,  so  that  the  empirical  value 
determined  by  this  practical  method 


may  actually  represent  the  effects  of 
a  mixture  of  temperatures.  Other  fac¬ 
tors  that  may  vary  from  drier  to  drier 
are  the  amount  of  heat  radiation  from 
metal  surfaces  to  veneer  surfaces  and 
the  amount  of  heat  transferred  to  the 
wood  by  contact  with  metal  plates  or 
rollers.  S- values  determined  in  com¬ 
mercial  driers  may  therefore  often  be 
characteristic  of  individual  driers,  and 
may  express  the  relative  efficiencies  of 
the  driers  in  which  they  are  deter¬ 
mined. 

How  the  Study  Was  Made 

Most  of  the  tests  that  form  the  basis 
for  the  study  described  here  were  of 
yellow-poplar  heartwood.  Two  large 
old-growth  logs  supplied  the  test 
specimens  which  were  3  by  6  inches 
in  size.  All  specimens  were  cut  from 
a  relatively  small,  homogeneous  por¬ 
tion  of  the  heartwood  of  each  log  so 
as  to  be  as  uniform  as  posisble.  The 
logs  were  straight-grained  and  sections 
were  first  roughed  out  by  splitting 
along  the  grain  so  as  to  eliminate 
crossgrain  in  the  test  pieces.  The  pieces 
were  cut  by  sawing  and  planing  so  as 
to  eliminate  any  possibility  of  checks 
on  one  surface,  such  as  occur  when 
veneer  is  cut  .with  the  knife,  that 
might  affect  drying  rates. 

Thicknesses  tested  were  i  ’•I.  iV.  Vs^ 
and  1/4  inch.  Temperatures  used  in  the 
tests  were  150°,  250°,  and  350°  F. 
Air  velocities  were  200,  600,  and 
1,000  feet  per  minute  parallel  to  the 
flat  surfaces  of  the  specimens.  Two 
humidities  were  used,  one  a  rather 
low  absolute  humidity  of  0.029  pound 
of  water  per  pound  of' dry  air,  and 


the  other  a  very  high  absolute  humid¬ 
ity  100  times  this  value  (except  for 
the  150°  F.  temperature,  when  the  ab¬ 
solute  humidity  was  0.144  pound  pet 
pound  of  dry  air).  The  total  number 
of  drying  rate  tests  on  yellow-poplar 
was  144.  In  addition,  36  closely 
matched  specimens  were  dried  to  de¬ 
termine  temperatures  during  the  dry¬ 
ing  cycle. 

Drying  rate  tests  were  also  made  on 
sweetgum  and  redwood  heartwood 
specimens,  of  four  thicknesses  and  at 
three  temperatures,  at  an  air  velo(  ;ty 
of  600  feet  per  minu‘e  and  at  low 
humidity  only. 

In  order  that  all  external  conditii^ns 
during  the  drying  tests  could  be  clo'idy 
controlled,  a  special  small  drying  p- 
paratus  was  Duilt.  This  is  shown  in 
figure  9.  Humidity  control  was  .it- 
tained  by  drawing  the  air  for  the  t(  sts 
from  a  dry  kiln,  the  door  of  which  is 
nartly  visible  at  the  left.  The  air  as 
moved  through  the  apparatus  b'.  a 
pump  mounted  on  a  metal  frame  at 
the  left.  The  air  velocity  over  the 
specimens  was  cohtrolled  manually  by 
means  of  the  valves  seen  on  the  v  ri- 
ous  ducts  leading  from  the  pump.  Air 
moving  through  the  long  tapered  d  ict 
to  the  right  of  the  pump  passed  o  er 
electric  heaters  mounted  in  the  section 
on  which  the  switches  are  seen  (so  ne 
of  which  were  automatically  con¬ 
trolled),  and  then  into  the  drier 
plenum  chamber,  toward  the  right  of 
the  picture,  with  a  round  glass  win¬ 
dow  at  its  front.  In  this  chamber  the 
air  circulated  slowly  around  and  up¬ 
ward,  then  passed  downward  over  the 
test  specimen  which  hung  in  a  small 
rectangular  duct  in  the  middle  of  the 
chamber.  It  too  had  a  glass  window 
in  it,  and  a  test  specimen  is  seen  hang¬ 
ing  in  the  proper  position  for  the  dry¬ 
ing  test.  The  air  leaving  the  test 
specimen  was  exhausted  through  the 
small  round  duct  in  the  lower  right 
hand  corner  of  the  picture.  The  in¬ 
clined  scale  manometer  mounted  on 
the  wall  above  the  pump  measured  the 
air  flow  with  the  aid  of  sharp-edged 
orifices  located  at  the  end  of  the 
exhaust  duct  (not  shown). 

In  order  that  the  test  specimens 
might  be  weighed  at  intervals  during 
the  drying  to  determine  the  rate  of 
drying,  it  was  necessary  momentarily 
to  shut  off  the  flow  of  air  over  the 
specimen.  This  was  done  by  puslimg 
a  lever  that  closed  a  damper  on  ^he 
lower  exhaust  duct  and  opened  a 
damper  on  a  larger  exhaust  duct  from 
the  plenum  chamber,  seen  near  the 
top  and  to  the  right  of  the  cham'  er. 
The  end-coated  specimen  was  JS- 
pended  by  a  thin  flexible  cable  bom 
a  weighing  spring,  shown  hanging  in 
a  glass  tube  over  the  drier  chamber. 

(Continued  on  page  91) 
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Methods  for  reducing  fungus  deterioration  in  northern  hard- 
voods  is  discussed.  Various  means  including  fungicidal  sprays,  end 
coatings,  intermittent  and  continuous  spraying,  and  immersion  under 
voter  are  considered.  Data  given  shows  that  birch  logs  stored  under 
ontinuous  spray  or  under  water  will  yield  almost  50  percent  high 
quality  veneer.  Quantity  and  quality  of  yield  is  comparable  to 
freshly  cut  logs. 


IN  THE  CONVERSION  OF  LOGS  tO  for¬ 
est  products  there  is  now  and  al¬ 
ways  will  be  a  certain  amount  of 
unavoidable  waste,  resulting  from  the 
form  of  the  raw  material  and  from 
defects  present  in  the  living  tree. 
Losses  occurring  after  logging  and  be¬ 
fore  conversion,  however,  are  largely 
preventable  and  there  is  little  justifi¬ 
cation  for  the  continued  use  of 
methods  of  storing  logs  that  permit, 
even  encourage,  loss  of  merchantable 
volume  and  depreciated  value  during 
this  period.  It  is  the  purpose  of  this 
paper  to  indicate  briefly  a  few  prac¬ 
tices  that  will  lessen  or  prevent  such 
losses,  with  reference  primarily  to 
northern  hardwood  logs. 

Deterioration  of  logs  during  storage 
is  caused  by  end  checking,  attacks  of 
insects,  and  chemical  stains  and  fungi 
that  discolor  and  decay  the  wood. 
Certain  practices  are  effective  against 
all  these  agencies  for  an  entire  year, 
others  against  only  one  or  two  or  for 
shorter  periods  of  time;  hence  the 
choice  of  methods  for  a  particular 
mill  or  industry  may  depend  upon 
the  tree  species  involved,  the  length 
of  the  storage  period,  and  the  quality 
of  wood  necessary  for  the  end  product. 
Log  storage  losses  may  be  avoided, 
reduced,  or  attempted  in  several  ways; 
(1)  by  immediate  conversion  to  lum¬ 
ber  or  other  forest  products,  (2)  by 
spraying  with  fungicides  and  insecti¬ 
cides,  (3)  by  applying  end  coatings, 
(4)  by  intermittent  spraying  with 
water  with  or  without  a  protective 
covering,  (5)  by  continuous  spraying 
with  water,  and  (6)  by  immersion  in 
water.  Combinations  of  two  or  more 
of  tliese  methods  may  increase  the 
effectiveness  of  the  treatment.  1  shall 
disci- s  these  various  methods  in  de¬ 
tail  iater  but  first  1  should  like  to 
cons'  let  briefly  the  conditions  affect¬ 
ing  "’le  deterioration  of  stored  north¬ 
ern  1-  '.rdwood  logs. 

’  P:  ented  at  meeting  of  the  Forest  Products 
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Most  of  the  northern  hardwood  re¬ 
gion  lies  north  of  the  44th  parallel, 
which  runs  from  a  point  just  north 
of  Portland,  Maine,  westward  through 
central  New  Hampshire  and  Vermont, 
across  New  York  from  the  southern 
end  of  Lake  Champlain  to  Watertown, 
and  through  the  Lake  States  from  the 
thumb  region  of  lower  Michigan  to 
just  north  of  the  southern  boundary 
of  Minnesota.  The  Division  of  Forest 
Insect  Investigations  of  the  United 
States  Department  of  Agriculture  has 
expressed  the  opinion  that  within  this 
region  the  danger  of  insect  damage  to 
stored  northern  hardwood  logs  under 
normal  conditions  is  not  serious 
enough  to  warrant  major  considera¬ 
tion  of  insect  preventive  measures.  In 
addition,  some  of  the  measures  recom¬ 
mended  for  protection  from  fungus 
deterioration  are  equally  effective  in 
reducing  or  preventing  damage  by 
insects.  For  these  reasons,  no  further 
consideration  will  be  given  in  this 
paper  to  the  problem  of  insect 
deterioration. 

One  of  the  well-known  properties 
of  wood  is  that  it  swells  as  it  absorbs 
water  and  shrinks  as  it  dries  out. 
What  is  less  well  known  about  wood 
is  that  swelling  and  shrinking  occur 
only  when  there  are  changes  in  the 
moisture  content  of  the  wood  below 
the  fiber-saturation  point,  which  usu¬ 
ally  ranges  from  about  25  to  30  per¬ 
cent  of  the  oven-dry  weight  of  the 
wood  (3). 

In  the  wood  in  living  trees  and  in 
freshly  cut  logs  the  moisture  content 
is  practically  always  above  this  point. 
For  example,  for  the  three  principal 
species  in  the  northern  hardwoods 
group,  average  moisture  contents  are 
as  follows,  respectively  for  sapwood 
and  heartwood:  beech,  72  and  55  per¬ 
cent;  yellow  birch,  72  and  74  percent; 
and  sugar  maple  72  and  65  percent 
(4).  When  trees  are  felled  and 
bucked,  the  cut  ends  of  the  logs  tend 
to  dry  out,  with  the  surfaces  soon 


reaching  moisture  contents  below  25 
or  30  percent.  As  soon  as  this  happens, 
shrinkage  checks  are  formed  and 
when  the  logs  are  exposed  to  dry  air 
for  long  periods  of  time,  these  checks 
may  become  quite  deep.  Not  only  are 
these  checks  injurious  to  the  wood  in 
the  logs  but  also  they  offer  ready 
access  to  the  spores  (seedlike  repro¬ 
ductive  bodies)  of  w'ood-staining  and 
-decaying  fungi.  These  spores  germi¬ 
nate  and  grow  into  the  wood  far  be¬ 
yond  the  depth  of  the  checks,  render¬ 
ing  large  volumes  of  wood  unusable 
for  quality  products.  In  unprotected 
southern  hardwood  logs,  wood-staining 
fungi  have  penetrated  to  a  depth  of 
about  one  foot  in  three  weeks  and 
three  feet  in  three  months  (5).  Decay 
fungi  apparently  penetrate  less  rapidly 
but  are  known  to  be  well  established 
in  logs  within  a  few  weeks.  In  north¬ 
ern  hardwood  logs  the  rate  of  fungus 
penetration  is  slower,  probably  because 
of  lower  temperatures,  but  even  here 
unprotected  yellow  birch  logs  may  be 
invaded  by  fungi  to  a  depth  of  more 
than  one  foot  in  one  summer  season. 
This  indicates  the  seriousness  of  the 
situation  and  the  need  for  improved 
storage  methods. 

Value  Reduced 

Invasion  of  wood  by  staining  fungi 
has  little  effect  on  the  strength  prop¬ 
erties  of  the  wood  but  greatly  reduces 
its  value  for  uses  where  a  natural 
finish  is  desired.  Invasion  by  fungi 
that  cause  decay,  however,  is  accom¬ 
panied  by  strength  losses  that  render 
the  wood  unfit  for  many  purposes. 
The  reason  for  this  difference  is  that 
staining  fungi  live  on  the  cell  contents 
whereas  decay  fungi  live  on  the  wood 
substance  itself,  actually  breaking 
down  the  structure  of  the  wood. 

Wood-staining  and  -decay  fungi 
have  definite  moisture,  air,  and  tem¬ 
perature  requirements  for  growth  (1). 
Fungus  activity  in  wood  cannot  start 
when  the  moisture  .content  is  below 
the  fiber-saturation  point,  above  which 
there  is  a  wide  range  of  moisture  con¬ 
tents  at  which  fungi  can  grow  vigor¬ 
ously.  Fungi  require  air  as  well  as 
moisture  for  growth;  roughly  speak¬ 
ing,  about  one-fifth  of  the  volume  of 
wood  must  be  occupied  by  air  before 
fungus  growth  can  take  place.  This 
means  that  when  an  excess  of  water 
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is  present  in  wood,  as  when  it  is 
waterlogged,  decay  is  inhibited  just 
as  effectively  as  when  insufficient  mois¬ 
ture  is  present.  The  denser  the  wood 
is,  i.e.,  the  higher  the  specific  gravity, 
the  lower  the  moisture  content  at 
which  decay  is  inhibited. 

Temperature  exerts  an  equally 
strong  influence  on  fungus  activity  in 
wood.  There  is  little  or  no  growth  at 
temperatures  below  40°  F.  or  above 
120°  F.  Midway  between  these  two 
extremes,  approximately  from  70“  to 
90°  F.,  wood-staining  and  -decay 

fungi  grow  at  maximum  rates,  with 
their  activity  tapering  off  as  the  tem¬ 
perature  falls  or  rises  toward  either 
limit.  Because  of  low  temperatures 
during  the  winter  months  in  the  north¬ 
ern  hardwood  region,  protective  meas¬ 
ures  against  fungus  deterioration  are 
needed  only  from  April  to  October. 
This  does  not  mean  that  nothing 
should  be  done  until  the  onset  of  hot 
weather.  Actually,  protective  measures 
should  be  initiated  as  soon  after  fell¬ 
ing  as  possible,  and  their  efficiency 
during  mid  and  late  summer  largely 
depends  upon  whether  they  are  ap¬ 
plied  before  fungus  infection  occurred. 

Immediate  Conversion 

Immediate  conversion  of  logs  into 
lumber  or  other  forest  products  per¬ 
mits  early  seasoning  of  the  wood  to 
moisture  contents  below  the  fiber- 
saturation  point,  under  which  condi¬ 
tion  it  may  be  stored  indefinitely 
without  fungus  deterioration.  Any 
practices  that  tend  to  shorten  the  time 
interval  between  felling  and  milling, 
such  as  speeding  transportation  to  the 
mill,  reducing  log  supplies,  and  using 
logs  in  the  order  in  which  they  were 
stored,  are  steps  in  the  right  direction. 
However,  economic  considerations 
limit  the  application  of  such  tech¬ 
niques,  particularly  in  the  case  of 
large  firms  that  use  several  million 
board  feet  of  logs  annually.  Small 
mills  in  the  northern  hardwood  region 
may  find  it  economically  feasible  to 
schedule  operations  so  that  logs  are 
never  stored  more  than  a  few  weeks, 
or  at  most  two  months,  during  warm 
weather  and  thereby  greatly  reduce 
log  storage  losses. 

Fungicidal  Sprays 

As  indicated  previously,  damage  by 
insects  to  stored  logs  in  the  northern 
hardwood  region  ordinarily  is  not 
serious  enough  to  warrant  the  expense 
of  precautionary  measures,  hence  this 
discussion  is  limited  to  the  use  of 
fungicides  for  log  protection.  The 
simplest  use  of  fungicides  is  to  spray 
them  on  log  or  bolt  ends  with  a  small 
garden-type  sprayer.  Various  products, 
such  as  Dowicide  G,  Melsan,  Noxtane, 


Permatox  10-S,  and  Santobrite,  have 
given  limited  protection  to  logs  when 
properly  applied  at  the  concentrations 
recommended  by  the  manufacturers 
(6).  The  limitations  of  the  use  of 
fungicidal  sprays  alone  are  obvious. 
The  spray  must  be  applied  at  the 
onset  of  warm  weather  and  at  best 
only  retards  fungus  infection,  because 
checking  of  the  ends  of  logs  exposes 
the  interior  to  infection,  even  though 
the  surface  is  adequately  protected. 
Spraying  can  be  recommended  only 
for  comparatively  short  storage 
periods. 

End  Coatings 

The  purpose  of  applying  end  coat¬ 
ings  to  logs  and  other  wood  products 
is  to  retard  evaporation  and  thereby 
reduce  or  prevent  the  formation  of 
checks.  Satisfactory  end  coating  mate¬ 
rials  must  provide  a  moisture  barrier, 
adhere  tightly  to  the  end  grain,  with¬ 
stand  ordinary  handling  abuse,  be 
flexible  enough  to  adjust  to  changing 
wood  dimensions,  and  be  cheap  enough 
that  their  cost  does  not  exceed  the 
value  of  the  wood  protected  (2). 
These  diverse  requirements  are  diffi¬ 
cult  to  meet;  therefore,  no  completely 
satisfactory  end  coating  has  yet  been 
devised.  Several  hot  coatings  have 
been  tested,  ranging  from  paraffin  to 
pitch  and  asphalt  compounds,  but  they 
are  of  questionable  value  for  logs.  A 
great  many  cold  coatings  have  been 
tried,  including  white  lead  and  alumi¬ 
num  paints,  drying  and  filled  hardened 
gloss  oils,  varnishes,  synthetic  resins, 
and  asphaltic  emulsions  and  cutbacks. 
Cold  coatings  are  more  appropriate 
for  use  on  logs  than  hot  coatings 
and  in  general  have  given  better  re¬ 
sults,  particularly  heavy  a.sphaltic 
preparations. 

A  combination  of  spraying  with 
fungicides  followed  by  end  coating 
immediately  with  the  most  satisfactory- 
materials  gives  better  protection  than 
either  practice  alone;  in  fact,  logs  can 
be  successfully  stored  by  such  methods 
for  a  full  summer  season,  from  spring 
through  fall.  Regardless  of  the  effi¬ 
ciency  of  the  treatments,  however, 
fungus  infection  eventually  will  be 
introduced  through  the  bark  by  direct 
penetration,  by  boring  insects,  and 
through  cracks  or  other  openings. 

In  addition  to  log  deterioration  by- 
end  checking  and  by  fungi,  an  objec¬ 
tionable  yellowish -brown  to  rust- 
colored  stain  commonly  occurs  in  birch 
logs  stored  during  warm  weather.  Like 
decay,  it  progresses  inward  from  the 
ends  of  logs  and  may  penetrate  rather 
deeply  in  a  few  weeks.  It  has  been  re¬ 
ferred  to  as  chemical  stain  and  proba¬ 
bly  is  caused  by  oxidation  of  the  wood 
constituents  on  exposure  to  air.  Good 
end  coatings  reduce  but  do  not  elimi¬ 


nate  such  stain.  It  is  probable  that 
high  temperatures  in  summer-stored 
logs  exposed  to  full  sunlight  favor 
the  progress  of  this  stain. 

Intermittent  Spraying  with  Water 

The  effectiveness  of  water  as  a  pro¬ 
tective  covering  for  logs  and  bolts  has 
been  appreciated  for  many  years, 
without  adequate  distinction  between 
the  effectiveness  of  different  methods 
of  application.  There  is  no  straight 
line  relationship  between  the  quai  tity 
of  water  applied  and  its  protci  rive 
value  to  wood.  Apparently,  s  irne 
individuals  have  reasoned  that  r  a 
lot  of  water  does  a  lot  of  good,  then 
smaller  quantities  must  also  have  pro¬ 
portional  protective  value.  The  t.'^uth 
of  the  matter  is  that  water  applic  ]  in 
small  quantities  to  stored  logs  or  1  olts 
may  actually  increase  the  dai  age 
rather  than  reduce  it.  Logs  mu>  be 
soaked  or  submerged  to  really  pr  tect 
them  and  any  lesser  treatment  ;  of 
questionable  value.  Some  pulp  ind 
paper  mills  have  wetted  stored  oft- 
wood  bolts  by  intermittent  or  perr.dic 
spraying  with  water,  with  disas;  ous 
results.  Similar  attempts  to  pr.tect 
hardwood  bolts  and  logs  have  failed. 
Recently,  however,  end  checking  and 
decay  losses  in  beech,  birch,  and  ni.iple 
turning  bolts  have  been  greatly  re¬ 
duced  at  one  mill  in  Maine  by  storing 
them  on  end  over  cleared  land  in  the 
winter  as  soon  as  they  are  received  at 
the  mill  and  covering  them  with  hay 
that  is  wet  down  from  time  to  time 
during  subsequent  warm,  dry  weather. 
The  hay,  acting  as  a  wet  blanket  and 
a  heat  insulator,  prolongs  the  time 
during  which  the  bolts  remain  unfav¬ 
orably  cold  for  decay.  The  high 
humidity  under  the  hay  also  reduces 
end  checking.  It  is  reasonable  to  ex¬ 
pect  that  spraying  the  bolts  first  with 
a  good  fungicide  might  increase  the 
effectiveness  of  this  practice. 

Continuous  Spraying  with  ater 

The  lack  of  success  in  protecting 
logs  with  intermittent  water  sprays 
undoubtedly  has  discouraged  further 
experimenting  with  continuous  s'^rays 
and  has  strengthened  the  belie t  that 
the  only  really  safe  way  to  store  *urd- 
wood  logs  is  to  submerge  the  i  in 
water.  A  few  years  ago  a  large  hard¬ 
wood  veneer  mill  in  Maine,  ising 
yellow  birch  almost  exclusively,  was 
faced  w'ith  the  necessity  of  incre  sing 
its  yield  of  high  quality  venec'  per 
unit  of  logs  if  it  hoped  to  ma  tain 
its  position  in  a  highly  compt  tivc 
industry.  Current  logging  pra  ices 
necessitated  the  accumulation  of  lath- 
cient  logs  during  the  winter  to  Oj  rate 
the  mill  through  the  following  unv 
mer  months.  By  mid  to  late  sun  ner, 
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Table  1. — VENEER  YIELD  FROM  FRESHLY  CUT  YELLOW  BIRCH  LOGS  AND  FROM  LOGS 
STORED  UNDER  CONTINUOUS  SPRAY  AND  UNDER  WATER 


Storage  methods 
Controls - 


Freshly  cut 

Under  spray 

Under  water 

Under  water 

Log  and  veneer  data 

logs 

6  months 

1  year 

2  years 

Yard  scale,  bd.  ft .  . 

Veneer  yield  per  M. 

.  2‘2,735 

22,570 

11,875 

12,750 

Face  quality,  sq.  ft . . 

_  .5,116 

4,923 

4,663 

4,838 

Back  quality,  sq.  ft - 

_  .5,189 

5,657 

6,155 

6,396 

Block  scale  at  lathe,  bd.  ft _ _ 

Veneer  yield  per  M 

_  26,766 

25,311 

12,403 

13,708 

Face  quality,  sq.  ft . . 

.  4,345 

4,390 

4,465 

4,500 

Back  quality,  sq.  ft - - - 

.  4,408 

5,044 

5,893 

5,949 

Face  quality  veneer,  percent _ 

_  49.6 

46.5 

43.1 

43.1 

Log  waste  at  trim  saw,  bd.  ft _ 

Percent  of  yard  scale . . . 

.  4,462 

4,474 

1,740 

2,374 

_  19.6 

19.8 

14.7 

18.6 

decay  caused  excessive  losses  in  logs 
stored  in  conventional  dry  decks.  Cur- 
ta  ling  these  losses  offered  the  best  way 
tc  increase  the  yield  of  veneer;  there- 
fe  e,  appropriate  steps  were  taken. 
Four  storage  pits,  about  200  feet  by  50 
fc.t  and  20  feet  deep,  were  dug  in 
tl'.  mill  yard,  lined  with  clay,  and 
fil  ed  with  water  pumped  from  an 
ad.acent  river.  About  two  million 
boird  feet  of  yellow  birch  logs  could 
b'  submerged  in  these  pits.  Even  this 
aii’.ount  was  inadequate  for  the  storage 
nc  ds,  hence  logs  were  piled  on  top 
oi  the  pits,  about  as  many  out  of 
w.ter  as  under  it,  and  were  sprayed 
ccMtinuously  from  mid-April  to  mid- 
0  tober.  The  officers  of  this  mill  have 
VL.y  generously  furnished  information 
on  storage  under  these  conditions  and 
have  agreed  to  publication  of  the  fol¬ 
lowing  details,  as  a  guide  to  other 
mills  interested  in  similar  storage 
methods. 

Water  for  the  sprayers  was  pumped 
from  the  river  at  the  rate  of  500 
gallons  per  minute  under  120  pounds 
pressure  per  square  inch.  On  each  of 
the  four  log  decks  six  one-inch  "rain 
bird”  sprayers,  pulsation-actuated  ro¬ 
tary  type,  were  mounted,  one  at  each 
end  and  four  in  the  middle.  The  four 
decks  had  a  combined  basal  area  of 
40,000  square  feet  over  which  500 
gallons  of  water  per  minute,  or  30,000 
gallons  per  hour,  were  sprayed.  This 
amounted  to  %  gallons  of  water  per 
hour  per  square  foot,  equivalent  to 
a  rainfall  at  the  rate  of  1.2  inches  per 
hour.  Even  when  allowances  are  made 
for  inequalities  in  the  distribution  of 
the  spray,  it  is  not  unreasonable  to 
assume  that  these  log  decks  were 
sprayed  with  the  equivalent  of  one 
inch  of  rainfall  per  hour.  The  spray 
was  sufficient  to  keep  the  pits  full  of 
water,  completely  submerging  the  logs 
in  them,  and  to  keep  the  exposed  logs 
well  soaked  all  of  the  time.  Detailed 
information  on  the  effectiveness  of 
such  storage  will  be  given  later. 

Immersion  under  Water 

All  species  of  logs  and  bolts,  in¬ 
cluding  those  from  northern  hard¬ 
woods,  can  be  held  practically  in  their 
original  condition  by  storing  them  in 
fresh  water  shortly  after  cutting,  or 
at  least  before  the  onset  of  summer 
temperatures  considerably  above  the 
saf.  40°  F.  level.  Yellow  birch  veneer 
log>  sunken  in  mill  ponds  were  recov¬ 
ered  by  grappling  during  the  last  war 
years.  No  records  were  available  as  to 
ho '  long  these  logs  had  been  so 
stored  but  there  is  no  doubt  that  some 
ot  •hem  had  been  there  for  several 
yea  s.  Except  for  a  slight  darkening 
of  he  sapwood  and  a  slightly  objec- 
tio:  able  odor,  these  logs  were  in  excel¬ 


lent  condition.  Yellow  birch  bolts 
stored  under  running  fresh  water  in 
New  Hampshire  for  nine  months, 
from  February  through  October,  were 
entirely  free  from  any  degrade, 
whereas  comparable  bolts  stored  in 
open  ricks  were  badly  checked  and 
decayed  an  average  distance  of  8 
inches  inward  from  each  end.  At  the 
veneer  mill  in  Maine  referred  to 
previously,  yellow  birch  logs  stored 
under  water  were  adequately  protected, 
some  logs  for  two  years  or  longer. 

Underwater  log  storage  prevents 
checking  from  seasoning  and  halts 
decay  and  stain  by  cutting  off  the  air 
necessary  for  fungus  growth.  Drackish 
or  salt  water  is  unsafe  because  of 
marine  borers.  Storage  for  one  season 
should  result  in  no  objectionable  dis¬ 
coloration  or  odor.  Insect  injury  is 
completely  eliminated  as  well  as  other 
types  of  deterioration. 

Comparison  of  Results  of 
Water  Storage 

It  is  difficult  to  make  exact  com¬ 
parisons  of  the  relative  efficiency  of 
various  storage  techniques.  In  manu¬ 
facturing  veneer  from  hardwood  logs 
some  unavoidable  waste  arises  because 
bolts  must  be  cut  from  the  logs,  end 
trimmed,  and  rounded  off  on  the  lathe 
before  usable  veneer  is  produced. 
Later  the  veneer  is  again  trimmed  ac¬ 
cording  to  panel  sizes  needed  and  to 
remove  open  knots  and  other  defects. 
In  these  operations  there  is  a  tendency 
to  erase  the  differences  between  logs 
of  different  qualities,  largely  because 
it  is  immaterial  whether  log  volume 
lost  in  cutting  bolts  and  trimming  ve¬ 
neer  is  of  high  or  low  quality.  Never¬ 
theless,  there  is  always  a  quantitative 
difference  in  the  quality  of  the  veneer 
cut  from  fresh  or  well-stored  logs 
and  from  logs  that  have  been  allowed 
to  end  check  and  decay.  For  this 
reason,  in  the  present  study  the  cri¬ 
teria  for  comparison  of  different  stor¬ 
age  methods  are  the  yield  of  veneer 
suitable  for  faces  and  for  backs  in 
square  feet  per  thousand  board  feet 
of  logs  as  scaled  in  the  yard  and  at 
the  lathe,  and  the  percentage  of  this 
veneer  that  is  of  face  quality.  Un¬ 
fortunately,  poorly  stored  logs  with 
serious  checking  and  decay  were  not 


available  so  that  comparisons  can  be 
made  only  between  freshly  cut  logs 
and  those  stored  under  continuous 
spray  and  under  water.  Data  are  pre¬ 
sented  in  Table  1  on  the  veneer  yield 
from  winter-cut  yellow  birch  logs  that 
were  (1)  freshly  cut  and  converted 
immediately,  (2)  stored  under  con¬ 
tinuous  spray  from  mid-April  to  mid- 
October,  (3)  stored  under  water  for 
one  year,  and  (4)  stored  under  water 
for  two  years. 

The  most  significant  comparison  in 
this  table  is  the  percentage  of  veneer 
produced  that  is  of  face  quality.  From 
the  freshly  cut  logs  49.6  percent  of 
the  veneer  produced  was  of  face- 
quality,  from  those  continuously- 
sprayed  throughout  the  summer 
months  46.5  percent,  and  from  those 
stored  under  water  for  one  and  two 
years  43.1  percent.  Moreover,  the 
actual  yields  of  face  quality  veneer  in 
square  feet  per  thousand  board  feet 
scale  at  the  lathe,  were  greater  for 
the  stored  logs  than  for  those  that 
were  immediately  converted.  The  ex¬ 
planation  for  this  probably  is  that  the 
logs  in  the  particular  test  runs  varied 
enough  in  original  quality  to  give 
these  results. 

Conclusions 

The  principal  conclusion  from  these 
data  is  that  storing  yellow  birch  ve¬ 
neer  logs  under  continuous  spray  or 
under  water  holds  them  for  all  prac¬ 
tical  purposes  almost  in  their  original 
condition.  Both  of  these  methods 
merit  much  wider  use  than  they  have 
had  in  the  past.  The  experience  of 
the  company  that  contributed  the  data 
has  completely  sold  them  on  continu¬ 
ous  spraying  as  an  alternative  for 
underwater  storage.  By  either  method 
they  can  be  assured  that  almost  half 
of  the  veneer  they  cut  will  be  of  high 
quality;  furthermore,  the  yield  will  be 
comparable  in  quantity  and  quality  to 
that  from  freshly  cut  logs.  What  more 
can  you  ask  of  any  storage  method ! 
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The  common  stains  of  northern  white  pine  lumber  are  de¬ 
scribed,  their  causes  indicated,  and  control  measures  presented  in 
regard  to  logging  and  milling  practices  in  the  Northeast.  It  is  em¬ 
phasized  that  in  special  cases  such  as  interior  stain  or  solid  piling, 
chemical  dipping  should  be  made  within  24  hours. 


Northern  white  pine  (Pini/s 
strohus  L.)  logs  and  lumber  fre¬ 
quently  developed  stains  and  discolora¬ 
tions  which  reduce  product  values  con¬ 
siderably.  Losses  from  stains  have  in¬ 
creased  in  recent  years  in  the  North¬ 
east  due  to  extensive  summer  logging 
and  to  the  greater  amounts  of  sapwood 
in  lumber  as  smaller  diameter  logs  are 
utilized.  Changes  in  handling  practices 
such  as  package  piling  and  use  of  con¬ 
centration  yards  also  favor  the  devel¬ 
opment  of  stain  in  many  cases. 

The  change  in  the  appearance  or 
reduction  of  the  aesthetic  quality  of 
boards  by  stain  is  particularly  impor¬ 
tant  in  pine  where  natural  finish  uses 
are  common.  Although  in  general 
stained  wood  suffers  only  slight 
strength  losses,  such  wood  may  con¬ 
tain  incipient  decay  with  important 
strength  losses.  Recent  studies  (13) 
have  indicated  that  stained  wood  in 
exposed  positions  in  buildings  some¬ 
times  decays  more  rapidly  than  un¬ 
stained  wood.  For  these  and  other  rea¬ 
sons,  increased  consumer  prejudices 
and  resistance  to  purchase  and  use  of 
stained  wood  can  be  anticipated. 

White  pine  lumber  enjoys  an  excel¬ 
lent  reputation  among  our  native 
woods.  Stain  control  will  enable  it  to 
retain  this  position. 

Simple,  economical,  and  effective 
methods  to  control  lumber  stains  have 
been  developed  (9,  15)  and  are  in  use 
in  many  sawmills  throughout  the  coun¬ 
try.  Satisfactory  stain  control  for 
white  pine  in  the  Northeast  can  be 
achieved  by  applying  these  proven 
methods.  In  this  paper,  the  common 
stains  of  white  pine  are  briefly  de¬ 
scribed,  their  causes  indicated,  and 
basic  information  on  control  reviewed. 

Stains  Caused  by  Fungi 

Many  of  the  important  stains  and 
discolorations  that  develop  on  white 
pine  logs  or  lumber  are  caused  by  the 

1  Presented  at  meeting  of  the  Forest  Products 
Research  Society.  Northeast  Section,  May  7-8, 
195},  at  Portland,  Me. 


growth  of  fungi  in  or  on  the  wood. 
Common  discolorations  on  pine  arc- 
blue,  gray,  black,  brown,  and  pink  to 
red.  The  subsequent  stain  descriptions 
are  based  for  the  most  part  on  studies 
of  hundreds  of  samples  of  discolored 
logs  and  lumber  collected  from  saw¬ 
mills  and  seasoning  yards  located  in 
New  York. 

Blue  stains:  The  most  frequent 
stain  on  white  pine  is  a  bluish  dis¬ 
coloration  in  the  sapwood  of  lumber 
and  logs.  This  discoloration  is  so  com¬ 
mon  that  in  general  the  term  "blue 
stain”  has  come  to  refer  to  any  dark 
discoloration  in  the  sapwood  caused 
by  fungi.  The  stain  varies  in  intensity 
and  extent  with  periods  of  exposure 
and  favorable  or  non-favorable  stain¬ 
ing  conditions.  In  mild  stain  occa¬ 
sional  longitudinal  streaks  are  ob¬ 
served,  whereas  in  severe  stain  the  en¬ 
tire  sapwood  of  a  board  may  be  deeply 
discolored  and  black  streaks  are  evi¬ 
dent  in  resin  canals  and  exposed  rays. 
The.se  discolorations  are  deeply  pene¬ 
trating  and  may  develop  in  logs  or  in 
boards  when  rapid  drying  is  retarded 
and  favorable  conditions  for  growth 
of  fungi  occur. 

Many  fungi  cause  the  sap  stains  in 
white  pine.  Those  generally  causing 
the  bluish  discolorations  in  white  pine 
are  members  of  the  genus  Ophiostoma 
with  Ophiostoma  coeruleum  (Miinch) 
Syd.i  as  the  commonest  species.  Other 
fungi  commonly  asscKiated  with  grey 
and  black  stains  belong  in  the  genera 
Altertiaria  and  Leplograpbium. 

Brown  stains:  A  chocolate-brown 
stain  is  known  to  develop  frequently 
in  the  sapwood  of  several  pines  in 
eastern  Canada  during  storage  (3). 
This  chocolate  brown  sap  stain  has 
been  observed  commonly  in  logs  of 
white  pine  within  recent  years  in  New 
York.  The  stain  penetrates  a  board 
deeply  and  numerous  dark  flecks  ap- 

^  Cirateful  acknowledgment  is  due  Mr.  Ross 
Davidson,  Division  of  Forest  Pathology, 
U.S.D.A.,  for  aid  in  identification  of  certain 
W4i<>d-staining  fungi. 


pear  in  the  wood  rays.  The  discolora 
tion  develops  primarily  in  stored  log.. 

It  is  found  near  log  ends  or  in  areas 
where  debarking  has  occurred  and  s 
caused  by  a  fungus  identified  .  s 
Cytospora  pin/  Desm.-  Since  this  d'  - 
coloration  has  frequently  been  co  !- 
fused  with  a  brown  chemical  sta  i 
known  in  the  Northeast  as  "coft' . 
stain,”  the  following  macroscopic  d'  - 
ferences  are  listed:* 

a)  brown  stain  is  limited  to  sa-v 
wood,  whereas  coffee  stain  commoc  y 
discolors  both  heartwood  and  sa  -■ 
wood. 

b)  brown  stain  is  surrounded  i  y 
wood  of  normal  color,  whereas  coff  e 
stain  usually  is  bordered  by  lighter 
whitish  zones. 

c)  brown  stain  develops  priman  y 
in  stored  logs,  whereas  coffee  sta  i 
develops  mainly  in  lumber  durii.g 
kilning. 

Pink  to  red  stains:  A  pink  to  n.- 
tense  reddish  discoloration  observed 
in  freshly  sawed  white  pine  lumber  is 
often  an  early  stage  of  the  red  ring 
rot  caused  by  Tomes  pini  (Thore  tx 
Fries)  Lloyd.  The  discoloration  de¬ 
velops  in  the  living  tree  and  is  gen¬ 
erally  confined  to  the  heartwood.  Tlic 
defect  is  readily  recognized  by  the 
small  spindle-shaped  white  pockets  of 
decay  found  in  areas  of  advanced 
decay  or  in  knots.  These  discolorations 
are  generally  found  in  lumber  from 
logs  bearing  external  indications  of  the 
red  ring  rot  such  as  punk  knots, 
resinosis,  or  conks  of  F.  pini. 

Surface  discolorations  or  molds: 
Practices  resulting  in  retardation  of 
drying,  such  as  solid  piling,  favor  de¬ 
velopment  of  surface  discolorations 
caused  by  molds.  Common  discolori- 
tions  are  green,  purple,  red,  ai  J 
black.  As  a  rule,  the  discolorations 
occur  on  the  surface  of  the  board  n 
localized  spots  and  are  removed  dm- 
mg  planing.  The  sap-stain  fungi  a  c 
usually  found  growing  with  the  moK  <, 
however,  and  their  discolorations  c.t  >- 
not  be  removed  by  surfacing.  Spec  s 
of  Penictllium,  Fusarium,  Trichodern  i. 
and  Aspergillus  are  common  moi  's 
occurring  on  northern  white  pine. 

Within  recent  years,  two  mof  s, 
PenicHlium  cyclopium  West  and 

2  Identification  was  made  by  Centraalbur'  .u 
voor  Schimmelcultures,  Baarn,  Holland. 
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y  ^nicillium  crustosum  Thom  have  been 
c  :)served  to  cause  a  deeply  penetrating, 
h'ae-mottled  stain  of  white  pine  (2). 

1  lese  fungi  exhibit  an  unusual  toler- 
.  ce  to  organic  mercury  compounds 
a  id  have  been  found  on  lumber 
t  aated  with  anti-stain  compounds  con- 
t  ining  the  organic  mercurials  as  the 
i.  xicants. 

Chemical  Stains 

An  important  group  of  stains  in 
vhite  pine  lumber  result  from  chem- 
i..il  changes  which  take  place  during 
i  isoning.  These  stains  are  not  the  re- 
^,ilt  of  fungous  activity  and  are  known 
a  chemical  stains.  One  of  the  impor¬ 
tant  discolorations  of  this  type  in  white 
p  ne  is  a  chocolate-brown  stain  gen- 
t  .illy  called  "coffee  stain”. 

Coffee  stain:  This  serious  chemi¬ 
cal  stain  of  white  pine  is  characterized 
by  yellow  to  dark  brown  discolora¬ 
tions,  generally  in  the  sapwood  and 
hcartwood  of  kiln-dried  lumber.  Fre¬ 
quently  margins  of  bleached  wood  sur¬ 
round  the  discolorations,  particularly 
at  the  ends,  or  near  board  surfaces,  or 
between  heartwood  and  sapwood.  The 
stain  develops  occasionally  in  logs  dur¬ 
ing  storage  or  in  lumber  that  is  air- 
seasoned,  but  is  more  .serious  in  kiln- 
dried  lumber.  The  stain  develops  on 
the  surface  and  inner  portions  of  the 
board.  Occasionally  surfacing  of  ap¬ 
parently  "bright”  boards  exposes  the 
internal  coffee  stain.  Studies  of  a 
similar  stain  on  sugar  pine  suggest 
that  sugars  and  related  substances  are 
concentrated  and  brought  to  the  wood 
surface  during  drying.  Under  certain 
conditions  these  substances  are  dis¬ 
colored  and  produce  the  characteristic 
defect  known  in  the  trade  as  coffee 
stain  (7). 

Control  of  Coffee  Stain 

Extensive  field  studies  on  the  con¬ 
trol  of  coffee  stain  on  northern  white- 
pine  are  not  known  to  the  writer.  This 
chc-inical  stain  appearing  on  western 
•Species  of  white  pine  has  been  thor¬ 
oughly  investigated  (8,  10)  and  the 
practices  found  effective  may  prove 
useful  also  for  northern  white  pine. 
The  studies  indicated  that  three  times 
as  much  coffee  stain  appeared  on  old 
logs  (stored  9  months)  as  in  freshly 
cut  logs  (stored  9  to  10  days).  Also 
storage  of  lumber  in  .solid  piles  after 
sawing  was  shown  to  be  an  important 
fa.  tor  favoring  the  formation  of  coffee- 
stain.  Shortening  the  period  of  log 
storage  and  limiting  periods  of  solid 
piling  of  freshly  sawed  lumber  to  a 
da’  were  effective  in  reducing  coffee 
stu'n  damage.  The.se  .same  practices 
he'  -I  to  control  sap  stains  during  warm 
sej  .ons.  Moderate  kiln  schedules  have 
bttn  found  to  further  minimize  the 
de  c-lopment  of  coffee  stain  (4,  11). 
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Control  of  Sap  Stains  Caused 
by  Fungi 

Stain  problems  on  white  pine  are 
most  serious  in  the  Northeast  in  the 
warm  season,  approximately  from  May 
15  to  September  30  varying  somewhat 
with  location  and  kind  of  weather. 

A  practice  wisely  followed  for  years 
in  the  Northeast  has  been  to  log  white- 
pine  and  saw  it  into  lumber  when  , 
practicable  during  the  colder  seasons 
of  the  year.  As  a  general  rule  little 
sap  stain  is  observed  in  pine  lumber 
properly  piled  before  May  15. 

The  kilning  of  freshly  sawed  lum¬ 
ber  within  three  to  four  days  of  saw¬ 
ing  is  another  handling  practice  used 
to  insure  freedom  from  sap  stain  in 
the  higher  grades.  It  is  necessary,  of 
course,  that  the  logs  be  free  of  stain. 

In  certain  mills  the  control  of  sap 
stain  is  attempted  by  rapidly  season¬ 
ing  the  boards  by  special  piling  meth¬ 
ods  such  as  end-racking  or  triangular 
piling.  With  poor  seasoning  weather 
these  methods  are  not  effective.  Dur¬ 
ing  the  severe  staining  season  of  1951 
heavy  discolorations  developed  in  lum¬ 
ber  seasoned  in  New  York  by  these 
methods.  These  piling  methods  should 
be  considered  as  primarily  a  means  of 
shortening  the  seasoning  period.  They 
are,  however,  very  effective  in  the 
control  of  sap  stain  as  are  the  conven¬ 
tional  flat  piling  methods  when  used 
in  conjunction  with  dip  treatments  in 
stain-preventive  chemical  solutions. 

To  insure  sap  stain  control,  pine- 
lumber  sawed  during  the  warm  season 
should  be  dipped  in  .stain-preventive 
chemical  solutions  and  immediately 
piled  so  as  to  season  rapidly.  It  must 
be  emphasized  that  neither  treatment 
alone  will  guarantee  succe.ss  in  the 
Northeast.  The  chemical  treatments 
prevent  the  growth  of  fungi  on  the 
surface  of  the  seasoning  board  until 
the  exposed  surfaces  have  dried  to  a 
moisture  content  of  approximately  20 
per  cent  based  on  oven-dry  weight, 
which  is  lower  than  that  required  for 
growth  of  stain  fungi. 

The  practices  and  precautions  essen¬ 
tial  to  successful  use  of  toxic  chemicals 
to  control  sap  stain  are  well  known. 
These  procedures  are  summarized 
briefly  for  northeastern  conditions. 
Successful  control  programs  must  be 
based  on  sap  stain  control  in  the  log 
and  in  the  seasoning  pile. 

Log  Stain  Control 

Stain  in  lumber  seasoned  in  the 
Northeast  often  originates  in  the  log. 
It  is  necessary  that  stain- free  logs  be 
obtained  at  the  sawmill  if  subsequent 
dipping  treatments  and  rapid  drying 
practices  for  stain  prevention  arc  to  bc 
successful. 


Rapid  utilization  of  the  log  in  the 
summer  reduces  log  .stain.  Under  ideal 
staining  conditions  serious  amounts  of 
stain  develop  in  logs  .stored  over  ten 
days.  After  sawing  the  stain  continues 
to  develop  in  the  sea.soning  board.  In 
addition  stained  logs  serve  as  an  im¬ 
portant  inoculum  source  of  boards 
during  sawing. 

Ponding  of  pine  logs  is  an  effective 
method  of  eliminating  the  develop¬ 
ment  of  log  stains.  Ponding  experi¬ 
ences  with  white  pine  logs  .salvaged 
during  the  1938  hurricane  in  New 
England  attest  to  the  effectiveness  of 
this  storage  method.  In  northern  New 
York  logs  which  were  ponded  through¬ 
out  the  summer  season  were  stain-free 
when  sawed  in  the  fall. 

In  cases  where  summer  storage  is 
necessary  and  }X)nding  facilities  arc 
not  available,  chemical  spray  treat¬ 
ment  of  logs  has  been  found  effective 
(1,  15).  Succe.ss  with  these  recom¬ 
mended  treatments  of  logs  depends  on 
promptly  spraying  the  logs  within  24 
hours  after  felling.  Successful  control 
in  summer-stored  logs  in  the  North¬ 
east  also  depends  partially  on  insect 
control  since  several  of  the  important 
staining  fungi  are  largely  insect  dis¬ 
seminated.  Treatments  are  available  for 
controlling  insect  damage  in  stored 
logs  (6). 

Stain  Control  in  Seasoning  Lumber 

Treatment  methods:  In  the  North¬ 
east  lumber  sawed  from  stain-free 
logs,  promptly  dipped  in  effective 
stain-preventive  solutions  and  properly 
piled  for  rapid  seasoning,  will  dry  prac¬ 
tically  stain-free.  The  methods  of  treat¬ 
ment,  kinds  of  chemicals,  .sources,  and 
handling  procedures  in.suring  control 
have  been  presented  by  many  workers 
(5,  9,  12,  15). 

In  brief,  the  freshly  sawed  lumber 
should  be  dipped  within  24  hours 
after  sawing  in  effective  .stain-preven¬ 
tive  solutions.  At  small  mills  dipping 
is  acomplished  in  homemade  wooden 
tanks  or  steel  tanks  made  of  welded 
oil  drums.  In  larger  sawmills  auto¬ 
matic  dipping  vats  have  been  found 
efficient  and  effective.  Plans  of  thesc- 
vats  are  available  upon  request  from 
most  of  the  companies  selling  stain- 
preventive  chemicals.  Careful  attention 
should  be  paid  to  maintaining  effec¬ 
tive  concentrations  of  chemicals  in  the 
treating  vats.  Continuous  dipping  of 
lumber  selectively  removes  mercurials. 
It  is  recommended  that  treating  solu¬ 
tions  of  mercurials  have  additional 
solution  added  whenever  the  contents 
drop  below  80  per  cent  of  original 
volume  (14). 

Protection  of  the  treated  stock  from 
rain  and  prompt  placement  in  well- 
located  seasoning  piles  is  necessary. 
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specific  recommendations  on  the  size 
of  piles,  spacing,  alignment,  stickers, 
and  pile  covers  have  been  adequately 
discussed  in  several  publications  (5,  9, 
15). 

Choice  of  stain-preventive  chemi¬ 
cals:  Many  effective  chemicals  for 
stain  control  are  available  on  the  mar¬ 
ket.  Tests  conducted  on  white  pine 
seasoned  in  New  York  indicate  prop¬ 
rietary  compounds  such  as  Permatox 
10-S,  Melsan,  Noxtane,  Santobrite, 
and  Dowicide  G  are  effective  at  their 
recommended  concentrations.  These 
tests  did  not  include  all  useful 
proprietary  compounds  but  were  lim¬ 
ited  to  those  sold  in  greatest  volume 
at  the  time  of  the  test.  The  proprietary 
names  are  presented  with  no  implica¬ 
tion  of  specific  endorsement.  Com¬ 
pounds  containing  ethyl  mercury  phos¬ 
phate  as  the  single  toxicant  are  not 
effective  in  controlling  deep  staining 
molds.  These  stains  are  described  in 
detail  under  the  section  on  molds. 

A  simple  method  of  determining 
the  relative  effectiveness  of  various 
stain  compounds  for  use  at  a  mill  has 
been  described  (16).  This  method  re¬ 
quires  no  extensive  equipment  and 
determines  the  relative  effectiveness  of 
the  toxicants  as  evaluated  by  the 
staining  flora  of  a  specific  mill. 

Treatment  costs:  Dipping  treat¬ 
ment  of  4/4  lumber  consumes  ap¬ 
proximately  15  gallons  of  stain- 
preventive  solution  per  1000  board 
feet.  This  figure  is  slightly  lower  for 
thicker  stock  and  when  drain  boards 
for  treated  lumber  are  used.  At  cur¬ 
rent  prices  for  proprietary  stain-pre¬ 
ventive  compounds,  the  cost  of  chem¬ 
icals  for  treatment  is  in  the  price 
range  of  15  to  20  cents  per  1000 
board  feet.  In  the  larger  mills  the  ad¬ 
ditional  cost  of  treating  tanks  is  very 
small  when  prorated  over  a  large  lum¬ 
ber  volume.  In  smaller  mills  using 
hand  dipping  in  wooden  vats,  or 
welded  oil  drums,  the  laborer’s  wage 
must  be  included  in  the  cost  of 
treatment. 

Special  Stain  Problems 

Interior  stain:  Under  some  condi¬ 
tions  the  interior  of  a  board  may  be 
severely  stained  without  any  color  ap¬ 
pearing  on  the  outer  surfaces.  Such 
■Stain,  termed  interior  stain,  appears 
during  resawing  or  surfacing.  It  re¬ 
sults  usually  from  excessive  delay  in 
chemical  dip  treatments  after  sawing, 
by  rapid  drying.  Delay  in  lumber  dip 
deep  stain  which  originated  in  the 
log,  or  a  delay  in  air  drying  followed 
treatment  at  concentration  yards  some¬ 
times  results  in  undue  amounts  of  in¬ 
terior  stain.  Where  such  delays  exceed 
24  hours  it  is  recommended  that  dip 


treatments  be  made  at  the  small  saw¬ 
mills  prior  to  transporting  to  concen¬ 
tration  yard  for  grading  and  seasoning. 

Protection  during  solid  piling: 
Solid  piling  of  freshly  sawed  pine 
prior  to  seasoning  and  for  short  trans¬ 
portation  periods  is  common  practice. 
In  those  cases  of  solid  piling  where 
chemical  dipping  treatments  are  de¬ 
layed  more  than  24  hours  or  not  used, 
serious  stain  develops  if  air  seasoning 
is  attempted.  Solid  piling  of  chemically 
dipped  lumber  to  be  kiln  dried  is  safe 
for  several  weeks  if  treating  concen¬ 
trations  of  chemicals  are  doubled  (15). 
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RESPONSIBILITY  FOR  RESEARCH 

Rethinking  of  present  division  of  research  responsibilities  is  recom¬ 
mended  by  Julius  A.  Stratton,  vice-president  and  provost  at  Massa 
chusetts  Institute  of  Technology,  Cambridge,  Mass.  ‘‘Traditionally,  we 
have  looked  to  the  universities  for  the  advancement  of  knowledge, 
and  we  depend  upon  them  largely  for  all  research  into  the  funda¬ 
mentals  of  science.  To  industry  falls  the  task  of  applying  new  knowl 
edge  to  useful  ends  and  of  furthering  research  and  development 
focused  on  new  materials,  processes,  and  products.  .  .  .  Governmeni 
encourages  research  of  all  kinds  with  a  view  to  development  or 
new  weapons  and  supports  a  variety  of  investigations  in  such  fields 
as  agriculture  and  pubic  health.  But  all  this  chain  of  obligations 
hangs  upon  fundamental  research,  and  the  future  vitality  of  counties.'" 
enterprises  depends  upon  the  soundness  of  our  national  effort  in  thir 
domain.  The  responsibility  for  the  suppport  of  basic  science  canno* 
be  delegated  wholly  to  the  university;  it  must  be  shared  by  industry 
and  government,  by  business  and  by  the  public  at  large.” 
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As  the  demand  for  products  made  from  wood  residues  increases, 
:}Conomical  methods  for  collecting  such  residues  becomes  increasingly 
important.  Various  methods  for  collecting  and  storing  both  course 
and  fine  materials  are  described,  as  well  as  factors  affecting  trans¬ 
portation  of  such  materials. 


Introduction 

ETHODS  OF  COLLECTING  WOOd 
residue  are  becoming  increasingly 
important  because  means  of  convert¬ 
ing  this  material  to  usable  products 
are  being  developed.  In  some  cases 
these  developments  are  not  new  to  re¬ 
search  but  are  new  to  industry  because 
economic  conversion  was  not  formerly 
possible.  One  of  the  major  items  that 
determines  the  economic  feasibility 
of  conversion  processes  is  handling 
costs.  This  is  particularly  true  of  wood 
residue.  Some  conversion  processes 
have  been  established  because  residue 
disposal  was  an  expense  item,  whereas 
conversion  eliminated  the  expense  and 
sometimes  produced  a  slight  profit. 

Our  expanding  population  and  re¬ 
sulting  increased  use  of  fiber  products 
are  increasing  the  demand  for  raw 
material.  Although  improved  forest 
management  increases  the  supply  of 
wood,  a  large  volume  of  wood  is 
already  available  in  the  form  of  wood 
residue  left  from  the  harvesting  and 
manufacturing  of  wood  products.  Data 
compiled  from  various  parts  of  the 
country  indicate  that  about  half  a 
cord,  or  nearly  1  ton,  of  wood  residue 
IS  produced  for  every  1,000  board  feet 
of  lumber  sawed.  The  production  of 
other  wood  articles  leaves  varying 
amounts  of  residue,  depending  upon 
the  degree  of  manufacturing.  On  the 
basis  of  this  information,  the  lumber 
industry  alone  produces  about  16  mil¬ 
lion  tons  of  coarse  u.sable  wood  residue 
per  year.  This  volume,  plus  sawdust, 
logging  slash,  and  residue  from  other 
wood-using  industries,  indicates  the 
magnitude  of  the  wood-residue 
handling  problem.  In  addition,  this 
residue  is  not  concentrated.  It  is  pro¬ 
duo  d  at  locations  scattered  through¬ 
out  the  entire  country.  Therefore,  in 
mail  ,  instances,  conversion  plants  must 
tolh-t  the  wood  residue  from  a  num¬ 
ber  of  locations.  Methods  used  for  col- 
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lecting,  handling,  and  transporting 
this  raw  material  are  dependent  upon 
the  size,  shape,  and  mixture  of  the 
raw  material. 

Wood-residue  Classification 

Wood  residue  can  be  considered  in 
two  broad  classes — coarse  and  fine. 
The  first  category  includes  slabs,  edg¬ 
ings,  end  trimmings,  logging  slash, 
and  other  solid  forms.  The  second 
class  includes  sawdust,  shavings,  chips, 
and  similar  material.  It  is  necessary  to 
consider  these  two  classes  separately 
because  equipment  and  methods  used 
for  one  are  sometimes  not  suitable  for 
the  other. 

Coarse  Residue 

Although  there  is  a  great  deal  of 
interest  in  all  types  of  coarse  residue, 
the  one  that  is  of  the  greatest  interest 
is  the  coarse  residue  developed  by 
sawmills  in  the  form  of  slabs  and  edg¬ 
ings.  Material  of  this  type  is  generally 
diverted  to  single-conveyor  systems 
leading  to  the  refuse  burner.  Although 
feeder  systems  frequently  use  belts. 


the  main  conveyor  is  more  often  a 
chain  type.  Generally,  all  material, 
both  coarse  and  fine,  is  diverted  to  this 
main  conveyor. 

Now  that  serious  consideration  is 
being  given  to  residue  utilization,  it  is 
necessary  to  segregate  coarse  and  fine 
residue.  Since  the  major  use  of  saw¬ 
mill  residue  at  present  is  for  conver¬ 
sion  to  pulp  chips,  it  is  necessary  to 
recover  the  coarse  and  discard  the  fine 
material.  To  date,  this  has  been  accom¬ 
plished  at  most  mills  by  using  separate 
conveyor  systems  for  coarse  material 
and  sawdust.  It  is  possible,  however,  to 
equip  the  present  chain  conveyor  sys¬ 
tem  with  perforated  steel  plates  so  as 
to  screen  out  the  sawdust  and  similar 
fine  material.  Similarly,  short  pieces 
under  12  inches  in  length  can  be  di¬ 
verted  into  storage  bins,  leaving  the 
long  desirable  lengths  of  slabs  and 
edgings  to  be  conveyed  on  to  the  end 
of  the  conveyor.  To  date,  insufficient 
attention  has  been  given  to  mechanical 
means  of  sorting  material  along  the 
conveyor  chain.  Most  of  the  mills  re¬ 
covering  material  today  use  labor  to 
hand-pick  large-size  solid  material 
from  the  conveyor  chain  or  to  select 
small  undesirable  material  by  hand 
from  the  chain  and  to  allow  the  other 
material  to  pass  on. 

After  the  solid  material  has  been 
segregated,  it  must  either  be  trans- 


Figure  2. — Slab  loading  method  cuts  truck  turn-around  time. 


ported  in  its  present  form  to  a  cen¬ 
tralized  plant  that  will  produce  chips 
or  it  must  be  chipped  at  the  sawmill 
itself.  If  it  is  to  be  chipped  at  the 
sawmill,  then  the  conveyor  terminates 
just  above  the  chipper  and  the  ma¬ 
terial  is  gravity-fed  down  a  spout  into 
the  chipper  mechanism. 

Material  that  is  to  be  transported 
from  the  sawmill  in  its  original  con¬ 
dition,  that  is,  in  solid  form,  should 
be  assembled  into  bundles  as  quickly 
as  possible  to  reduce  handling  charges. 
Two  methods  are  commonly  used.  One 
is  to  pass  the  slabs  and  edgings 
through  a  slasher-saw  system  that  re¬ 
duces  the  material  to  uniform  4-foot 
lengths.  These  4-foot  lengths  are  then 
bundled  with  wire  in  amounts  of  ap¬ 
proximately  1-cord  bundles.  The  other 
system  is  to  take  the  material  in  its 
original  condition  and  pile  it  into 
racks  or  onto  trucks  that  have  divider 
stakes  so  that  tw'o  bundles  are  formed, 
one  on  each  side  of  the  truck.  Each  of 
these  is  then  bound  together  w'ith 
wire  so  that  any  further  handling  can 
be  done  with  lift  trucks.  Bundles  in 
either  short  or  long  lengths  can  be 
handled  by  lift  trucks  at  the  end  of 
the  transportation  haul.  At  that  point 
the  bundles  are  removed  from  the 
trucks,  placed  on  conveyor  chains  go¬ 
ing  to  the  chipper,  and  the  bundles 
are  broken  down  just  before  they  reach 
the  chipper  so  that  the  material  can 
be  shunted  into  the  chipper  in  the 
usual  manner.  Very  short,  coarse  ma¬ 
terial  is  generally  conveyed  into  bins 
and  emptied  from  the  bins  by  chute 
into  trucks  or  railroad  cars  to  that  the 
handling  is  entirely  mechanical; 
whereas,  w'ith  longer  chippable  coarse 
material,  some  handling  by  manpower 
is  generally  done,  although  it  is  very 
important  that  as  much  of  this  as  pos¬ 
sible  be  eliminated  and  that  the  ma¬ 
terial  be  handled  in  bundles  so  as  to 
keep  down  the  labor  costs. 

Fine  Material 

Fine  material,  including  sawdust, 
chips,  and  the  like,  can  be  handled 
by  chain  conveyors  or  belt  conveybrs, 
or  by  pneumatic  systems  wherein  the 
chips  arc  blown  for  considerable  dis¬ 
tances.  At  sawmills  practically  all  of 


the  sawdust  is  handled  by  chain  or 
pneumatic  conveyors,  although  some 
belt  conveyors  are  in  use.  On  the  other 
hand,  chips  produced  at  sawmills  or 
chipping  plants  are  conveyed  by  belts 
and  pneumatic  systems  more  commonly 
than  by  any  other  means.  Pneumatic 
systems  have  the  advantage  of  being 
quite  flexible  in  that  they  can  be 
shortened  or  lengthened  more  readily 
than  chain  or  belt  conveyor  systems. 
Likewise,  such  systems  can  be  used  for 
changing  direction  of  flow  more 
readily  than  can  be  done  with  the 
other  systems.  Fine  materials  have  the 
advantage  that  they  can  be  bulk- 
handled  more  readily  and  with  less 
hand  labor  than  can  the  coarse 
materials. 

Bundling  or  baling  of  fine  material, 
on  the  other  hand,  is  very  difficult, 
with  the  exception  of  shavings.  Shav¬ 
ings,  being  of  nonuniform  character 
as  to  size,  can  be  baled  in  the  normal 
manner  with  little  difficulty.  Pulp 
chips,  sawdust,  and  other  material 
where  uniformity  of  size  is  one  of  the 
specifications,  do  not  bind  and  will 
not  bale  without  additional  difficulty 
and  the  adding  of  paper,  cloth,  or 
some  other  material  on  the  outside  of 
the  package  so  as  to  confine  the  con¬ 
tents.  For  this  reason,  the  bulk  hand¬ 
ling  of  fine  material  by  truck  or  rail¬ 
road  cars  is  not  only  desirable  but 
necessary. 

Where  it  is  necessary  to  meter  the 
flow  of  material,  as  is  often  the  case, 
it  is  relatively  easy  to  do  so  with  fine 
material,  whereas  it  is  a  difficult  proc¬ 
ess  W'ith  coarse  material.  This  brings 
into  the  picture  a  new  method  of  con¬ 
veying  not  previously  mentioned,  and 
that  is  the  screw-type  conveyor.  This 
conveyor  makes  it  possible  to  regulate 
the  flow  of  chips  being  fed  out  onto 
other  conveyors  or  into  production  ma¬ 
chines.  Regulation  of  material  flow¬ 
rate  is  one  of  the  major  advantages  of 
the  screw-type  conveyor  system.  Where 
a  constant  flow  of  material  is  not  essen¬ 
tial  but  the  amount  passing  in  a  given 
time  must  be  known,  then  weight  me¬ 
ters  can  be  installed  on  belt  conveyor 
systems. 

Sometimes  material  must  be  elevated 
vertically  because  of  space  limitations. 


Pneumatic  or  bucket-type  convc'ors 
are  both  suitable  for  this  application. 
Although  the  maximum  rate  of  :ow 
can  be  controlled  by  bucket  convt. ors. 
it  is  difficult  to  control  the  flo'  at 
slower  rates. 

One  or  more  of  these  conveyor  sys¬ 
tems  must  be  used  at  the  point  w  lerc 
manufacturing  wood  residue  is  pro¬ 
duced.  Quite  frequently,  bins  ith 
gravity  chutes  are  used  to  load  tr  as¬ 
portation  vehicles,  but  conveyors  j  ust 
be  used  to  elevate  the  material  ti  the 
bins. 

Transportation 

Since  the  source  of  supply  of  \\  )od 
residue  is  small  at  any  one  locatio  i.  it 
is  necessary  to  collect  the  materi..t  at 
these  scattered  locations  and  con  en- 
trate  it  at  a  central  point  before  it  can 
be  processed.  This  involves  handling 
and  transportation  and  the  problems 
connected  with  them.  These  probl  ms 
are  generally  considered  in  three  i.itc- 
gories — handling,  weight,  and  volume 
— and  each  causes  various  problems 
that  must  be  solved. 

Mechanical  handling,  of  course,  is 
much  cheaper  than  handling  individual 
pieces  or  small  quantities.  In  order  to 
handle  material  mechanically,  the  \ol- 
umes  must  be  relatively  large  for  each 
movement  of  the  mechanical  equip¬ 
ment.  Therefore,  bundling  of  cnarsc 
material  and  flow  systems  for  fine  ma¬ 
terial  are  essential. 

Weight 

Although  a  considerable  number  ot 
transactions  are  made  on  a  weight 
basis,  it  is  necessary  in  calculi' ing 
transportation  costs  to  know  the 
amount  of  space  required  to  ho  1  a 
(Continued  on  page  92) 


Figure  3. — Tractor  mounted  bucket 
loads  scrap  wood. 
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L'jmber  and  Logging 


Advances  in  Integrated  Logging' 

FLOYD  M.  CROCKER 

Woodlands  Manager,  St.  Regis  Paper  Co.,  Bueksport,  Maine 


Describes  company  experience  in  integrated  logging,  stressing 
importance  of  physical  properties  in  relation  to  using  wood  to  best 
advantage.  Woods  operations  as  related  to  log  length,  end  use  of 
logs,  and  transportation  of  logs  to  mill  are  discussed.  Alertness 
to  changing  market  conditions  is  still  another  factor  that  influences 
integrated  logging  methods. 


IT  HAS  BEEN  SAID  that  the  St.  Regis 
Paper  Company,  and  its  predecessor, 
h.ive  practiced  integrated  logging  for 
a  longer  period  of  time  than  any  of 
the  other  larger  timber  companies  in 
the  United  States. 

The  properties  that  we  have  on  the 
Machias  River  and  in  the  village  of 
Whitneyville  lend  themselves  to  an  in¬ 
tegrated  operation  much  better  than 
those  that  we  have  in  other  water¬ 
sheds. 

These  properties  consist  of  over 
140,000  acres  of  forested  land.  This 
land  is  primarily  covered  with  a  mixed 
softwood  growth  varying  in  size  from 
the  seedling  to  mature  trees  thirty 
inches  or  more  in  diameter. 

All  of  this  land  has  been  cruised 
within  the  last  six  years,  volumes  by 
species  computed,  type  maps  and  a 
management  plan  made.  There  is  ap¬ 
proximately  three  times  as  much 
Spruce  and  Fir  by  merchantable  vol¬ 
ume  as  there  is  Pine.  Some  of  the 
areas  are  served  by  a  good  truck  road 
system  while  other  areas  are  quite  re¬ 
mote  from  truck  roads  at  the  present 
time.  As  there  are  some  softwood  spe¬ 
cies  which  cannot  be  water  driven  suc¬ 
cessfully,  I  consider-  truck  roads  to  be 
very  important  to  an  integrated 
operation. 

The  Machias  River  is  drivable  for 
long  logs  from  the  northern  bounda¬ 
ries  of  our  land  to  Whitneyville,  a 
distance  of  approximately  sixty  miles 
by  the  river.  As  many  of  you  know, 
the  Machias  has  been  driven  for  nearly 
two  hundred  years  and  is  well 
equipped  with  dams  for  water  storage, 
abutments,  piers  and  log  booms. 

We  have  at  Whitneyville  a  perma¬ 
nent  sawmill,  a  dry  kiln  for  lumber, 
a  drumbarker  for  four-foot  pulpwood, 
railroad  sidings  serving  both  the  saw¬ 
mill  and  the  barker,  as  well  as  all  of 
the  service  buildings  necessary  for  a 
sizable  woods  operation. 

In  addition  we  have  a  pulp  and 
pa!  cr  mill  at  Bucksport,  which  is  107 

*  -esented  at  meeting  of  the  Forest  Products 
Rt'  Tch  Society,  Northeast  Section,  May  7-8, 
•9'  at  Portland,  Me. 


miles  by  rail  from  Whitneyville.  This 
mill  requires  mostly  Spruce  and  Fir, 
and  is  equipped  to  use  four-foot  wood. 
We  have  recently  operated  a  small 
kraft  pulp  mill  which  used  a  large  per¬ 
centage  of  Pine.  This  latter  mill  is 
not  in  operation  at  the  present  time. 
We  also  have  a  large  truck  fleet  of 
our  own. 

So  much  for  the  physical  proper¬ 
ties.  I  do  consider  them,  though,  to  be 
most  important,  if  one  is  to  conduct 
a  successful  integrated  logging  opera¬ 
tion.  We  will  now  turn  to  the  woods 
operations. 

We  have  tried  to  cut  four-foot  wood 
and  long  logs  on  the  same  operation 
and  at  the  same  time,  but  for  many 
reasons,  soon  gave  up  the  idea.  Gen¬ 
erally  speaking,  a  four-foot  operation 
requires  different  equipment,  road  lay¬ 
out,  and  river  landings  than  a  long,- 
log  job.  The  lumberjack  cannot  al¬ 
ways  be  depended  on  to  follow'  in¬ 
structions  as  to  which  trees  are  to  go 
into  pulpwood  and  which  ones  are 
to  be  made  into  logs.  Piecework  wage- 
rates  are  difficult  to  set  and  to  handle 
on  a  mixed  operation.  A  good  man  is 
not  interested  in  working  by  the  hour. 

Our  real  integrated  operations  cut 
Spruce,  Fir,  White  Pine  and  Norway 
Pine  logs  mostly  in  twelve  and  six¬ 
teen  foot  lengths.  There  are  a  very 
few  eight  and  fourteen  foot  logs  cut. 

Slashing  to  length  may  be  done  at 
the  stump  if  the  log  is  too  large  to 
be  horse  skidded,  at  a  yard  on  a  haul¬ 
ing  road  if  the  logs  are  to  be  cold 
decked,  or  at  a  river  landing  if  the 
terrain  and  ground  conditions  will 
permit  them  to  be  skidded  wi'^h  a  sled 
or  a  truck-drawn  sulky.  These  logs 
are  driven  to  the  mill  at  Whitney¬ 
ville  during  the  Spring  freshets. 

Some  timbered  areas  that  we  have 
cut  and  others  that  we  plan  to  cut. 
have  good  stands  of  Norway  Pine  best 
suited  for  piling  or  utility  poles.  These 
are  cut  to  the  best  advantage  for  us 
and  to  meet  the  specifications  of  the 
company  buying  them.  Because  of  the 
difficulties  in  driving  long  Norway 
poles,  they  are  trucked  to  Whitney¬ 


ville,  where  they  are  loaded  onto  rail¬ 
road  cars. 

Hemlock  logs  do  not  drive  well  be¬ 
cause  of  their  heavy  weight.  Most  of 
the  Hemlock  that  we  have  in  the  Ma¬ 
chias  valley  is  sap-peeled  during  the 
regular  season  and  made  into  four- 
foot  pulpwood,  which  can  be  either 
trucked  or  river  driven. 

After  the  river  driven  logs  reach 
Whitneyville,  they  are  sent  to  the 
sawmill  where  they  are  either  sawn 
into  lumber  or  slashed  into  pulpwood, 
in  whole  or  in  part.  We  have  no  in¬ 
flexible  rules  that  tor  all  time  deter¬ 
mine  which  logs  are  to  be  sawn  into 
lumber  or  are  to  be  slashed  into 
pulpwood. 

A  few  years  ago  all  of  the  better 
Spruce  logs  were  sawn  into  lumber. 
Changing  conditions  made  it  impracti¬ 
cal  to  continue  with  this  plan  as  the 
dollar  return  on  the  lumber  was  not 
sufficient  to  buy  a  like  volume  of 
Spruce  pulpwood  from  other  sources 
for  use  at  the  paper  mill.  Later  it  de¬ 
veloped  that  we  could  use  the  lower 
quality  Pine,  to  good  advantage,  as 
pulpwood  for  the  kraft  mill.  This 
phase  has  passed  and  now  we  are 
sawing  all  of  the  pine  harvested  into 
lumber. 

We  feel  that  we  are  making  steady- 
progress  toward  running  integrated 
operations  in  the  Machias  area,  as  well 
as  in  one  or  two  other  areas  where 
we  have  large  acreages.  These  inte¬ 
grated  operations  are  made  possible  by 
a  sound  program  of  timberland  man¬ 
agement  which  we  believe  will  result 
in  a  cutting  cycle  of  about  25  years. 
By  following  this  program,  we  should 
have  a  permanent  supply  of  logs. 

To  sum  up  what  I  have  said:  I  be¬ 
lieve  that  certain  conditions  have  got 
to  exist  to  conduct  integrated  log 
operations  profitably.  These  are: 

1.  Sufficient  timber  in  one  general 
area  to  yield  a  fairly  large  vol¬ 
ume  of  each  kind  of  logs. 

2.  Generally  all  of  the  logs  have 
got  to  be  concentrated  in  one 
place  before  final  sorting;  other¬ 
wise,  handling  costs  would  be 
prohibitive. 

3.  A  plant  to  process  the  logs  into 
other  products  or  a  market  for 
them  within  economical  hauling 
distances. 

4.  An  alertness  to  changing  market 
conditions. 
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Marketing 


Selling  Lumber  and  Lumber  Products' 

JOHN  RENO 

Utilization  Director,  The  Pacific  Lumber  Co.,  35  E.  Wacker  Drive,  Chicago,  Ill. 


Author  describes  how  his  company  stresses  service  to  the  dealer 
and  ultimate  consumer  as  means  of  building  and  maintaining  high 
rate  of  sales.  Aim  is  to  help  customer  get  best  possible  job  from  lumber 
he  buys.  Much  of  this  work  is  based  on  research  to  assure  that  lumber 
and  lumber  fabricated  products  are  properly  manufactured  and  de¬ 
signed.  Development  of  markets  for  shorts,  bark  and  other  by-products 
frequently  considered  to  be  waste  is  also  described. 


Many  times  the  question  has 
been  asked  "How  has  The  Pa¬ 
cific  Lumber  Company  maintained  a 
constantly  oversold  condition  for  many 
years  even  during  those  periods  of 
economic  dips  when  other  good  lum¬ 
ber  manufacturers  found  it  necessary 
to  drastically  curtail  production  or  face 
uncomfortable  inventory  surpluses.” 

In  this  paper  I  am  going  to  talk 
about  some  of  the  means  by  which 
this  lumber  company,  regularly  pro¬ 
ducing  over  a  half  million  feet  of  lum¬ 
ber  per  day,  does  manage  to  get  the 
orders  necessary  to  absorb  its  produc¬ 
tion. 

We  manufacture  and  sell  rough 
lumber,  surfaced  lumber,  paneling, 
siding,  mouldings,  pickets,  edge-glued 
cores,  end-glued  pieces  and  lumber 
run  to  patterns. 

This  paper  is  not  intended  to  be  pro¬ 
motional,  but  I  have  to  start  out  by 
saying  that  the  first  requirement  in  our 
sales  program  is  that  our  product  must 
be  as  nearly  perfect  as  our  mill  can 
make  it  .  .  .  and  this  near  perfection 
must  be  maintained  day  in  and  day 
out.  The  knowledge  that  this  is  so 
gives  our  sales  force  the  self  assur¬ 
ance  that  is  so  helpful  in  selling.  Our 
selling  prices  are  firm  and  are  reasona¬ 
bly  related  to  our  costs — not  to  the 
prices  of  our  competitors,  distressed 
or  otherwise.  Sometimes  we  have  price 
differentials  to  combat,  and  it  is  at 
these  times  that  our  salesmen  have  to 
be  sure  of  themselves  and  of  their 
product. 

Of  course,  this  method  of  pricing 
creates  a  lot  of  good  will,  especially 
when  lumber  is  hard  to  get.  For  in¬ 
stance,  after  the  demise  of  OP  A  at 
the  close  of  World  War  II,  there  was 
a  definite  seller’s  market  and  many 
lumber  manufacturers  took  advantage 
of ^  the  situation  to  raise  their  prices 
to  the  fullest  extent  the  market  would 
allow.  We  continued  to  quote  steady 

'  Presented  at  meeting  of  the  Forest  Prod¬ 
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and  reasonable  prices  and,  on  many 
items,  we  were  as  much  as  a  third  be¬ 
low  the  market.  The  good  will  this 
created  has  not  hurt  us  any. 

Getting  back  to  normal  selling  con¬ 
ditions,  the  next  step  after  we,  our¬ 
selves,  are  sure  of  the  quality  of  our 
product  is  to  convince  the  prospective 
customer  of  this  fact. 

We  go  about  this  in  a  number  of 
ways. 

Of  course  we  do  a  certain  amount 
of  regular  advertising  in  trade  papers, 
etc.,  but  our  maximum  effort  is  of  a 
more  personal  nature. 

For  instance,  we  cooperated  fully 
with  The  Saturday  Evening  Post  when 
they  indicated  a  desire  to  write  a  fea¬ 
ture  story  about  our  mill  and  our 
company-owned  town  of  Scotia,  Cal¬ 
ifornia,  in  which  the  mill  is  located. 
One  of  their  writers  lived  at  our  inn 
for  a  period  of  time,  gathering  ma¬ 
terial  for  his  manuscript  which  later 
appeared  in  The  Post  under  the  title 


of  "Paradise  With  a  Waiting  List.” 
We  distributed  many  reprints  of  this 
article. 

The  same  cooperation  was  extenii.d 
to  The  Wall  Street  Journal  and  sub¬ 
sequently  an  article  entitled  "Lumh  r- 
jack’s  Utopia”  appeared  on  the  fr.  nt 
page  of  that  paper.  Again  repr-  ts 
were  distributed. 

By  implication,  at  least.  The  S.it- 
urday  Evening  Post  and  The  dl 
Street  Journal  gave  the  stamp  of  .  p- 
proval  to  our  product. 

We  are  aware  that  any  manut  c- 
turer  can  claim  that  his  product  is 
best — and  many  do!  According !y, 
when  we  make  such  a  claim,  we  .it- 
tempt  to  tell  in  detail  in  an  interestuig 
manner  why  we  think  our  claim  lias 
merit. 

To  keep  such  information  al\}..ys 
before  the  prospect  requires  that  it  be 
in  writing.  Not  dry  statistics  but  in  a 
story  that  is  convincing,  alive  and  in¬ 
teresting,  as  well  as  truthful  and 
factual. 

Many  hours  of  hard  work  were  put 
into  the  job  and  finally  out  of  this 
effort  came  the  article  "Sawmilling  at 
Its  Best”  which  appeared  in  "The 
Southern  Lumberman.”  In  response  to 
demands,  over  fifty  thousand  reprints 
of  this  account  of  how  we  make  our 
lumber  were,  distributed  to  the  trade 


Ralph  J.  Simeone,  sales  manager,  J.  J.  Fitzpatrick  Lumber  Co.,  Madison,  Wis.,  whe  le- 
solers,  explains  to  Madison  dealer  Pat  McCormick,  McCormick  Lumber  and  Fuel  Co.,  1 
customers  can  frequently  get  right  size  cuttings  from  shop  grade  redwood,  in  place  of 
buying  higher  priced  redwood  clears.  Dealer  can  also  make  pickets  and  other  items  for  he 
homeowner  from  shop  cuttings. 
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Expertly  manufactured  lumber  items  that 
live  up  to  grade  specifications  in  every  re¬ 
spect  build  customer  confidence  and  bring 
repeat  orders. 

.  .  .  and  this  distribution  is  still  going 
on. 

However,  our  writings  are  not  con¬ 
fined  to  telling  how  good  we  are. 

As  a  matter  of  fact,  most  of  our 
articles  tell  our  customers  and  also  the 
ultimate  users  of  our  products  how  to 
get  the  best  results  from  the  utiliza¬ 
tion  of  our  lumber. 

For  example,  "Paint  Troubles  on 
Redwood  Siding — Causes  and  Cures” 
which  first  appeared  in  "American 
Lumberman”  faced  a  problem  and 
gave  the  solution.  Demand  for  re¬ 
prints  again  numbers  into  the  many 
thousands.  Even  manufacturers  of  ce¬ 
dar  siding  have  distributed  this  one  as 
the  problems  involved  apply  to  siding 
of  any  species  of  wood. 

An  article  entitled  "Buying  Lumber 
for  the  Factory”  appeared  in  more 
than  two  dozen  purchasing  agent 
magazines  from  coast  to  coast.  It  re¬ 
ceived  w  ide  acceptance  because  it  was 
a  practical  lesson  on  how  to  buy  lum¬ 
ber  intelligently;  on  how'  to  avoid 
costly  mistakes  in  buying. 

Many  other  manuscripts  have  ap¬ 
peared  or  will  appear  under  such  titles 
as  "Screw  Holding  Properties  of  Red¬ 
wood”,  "Redwood  Core  Stock”,  "Rec¬ 
ognizing  Assets”,  "Natural  Finishes 
for  Redwood  Siding”,  "Wood  vs. 
Aluminum — Keeping  Homes  Winter 
Warm  and  Summer  Cool”  and  "Get¬ 
ting  Humidity  Out  of  the  Home”, 
etc. 

Of  all  the  articles  that  we,  ourselves, 
prepared,  only  "Sawmilling  At  Its 
^•st”  included  promotional  material 
for  The  Pacific  Lumber  Company. 
None  of  the  rest  of  them  contains  any 
proi  lotion  for  our  company.  Some  do 
not  even  mention  Redwood.  They  all 
are  tull  of  practical  "helps”  for  the 
lumSer  dealer,  the  builder,  and  the 
hor  e  owner.  However,  every  one  of 
thci  1  carries  our  name  as  the  author 


which  clearly  indicates  two  things  to 
the  reader. — 

1.  We  are  trying  to  be  helpful  to 

him.  • 

2.  We  know  our  business — he  can 
depend  on  us! 

The  ever-present  reprints  are  al¬ 
ways  available. 

In  addition  to  frequently  putting 
something  useful  in  writing  for  our 
customers,  present  and  future,  to  read, 
we  constantly  are  carrying  the  mes¬ 
sage  to  them  by  word  of  mouth. 

We  make  talks  all  over  the  nation 
before  chapters  of  the  American  In¬ 
stitute  of  Architects,  Home  Builders 
Associations,  Lumber  Dealers  Asso¬ 
ciations,  classes  of  the  thirty-day  col¬ 
lege  courses  on  Lumber  Merchandis¬ 
ing  etc. 

The  title  of  the  talk  is  the  same  to 
all — "The  Proper  Use  of  Lumber  in 
Building — Especially  Redwood." 
There  is  very  little  in  the  way  of  pro¬ 
motion  in  the  talk  but,  instead,  it  is 
full  of  "helps.” 

It  will  be  hard  for  you  to  believe 
it,  but  the  formal  talk  takes  about  one- 
hour  and  forty-five  minutes  to  two 
hours,  and  all  of  the  groups  mentioned 
above  sit  still  for  it  and  even  stay  for 
another  half  hour  or  so  of  a  question 
and  answer  period.  This  is  because  we 
are  giving  them  information  w'hich 
they  want — not  promotion. 

It  might  surprise  you  to  know  that 
w'e  tell  all  of  our  audiences  that  the 
production  of  Redwood  is  relatively 
limited  and  that  Redwood  should  be 
used  only  where  it  is  needed — where 
it  will  do  a  better  job! 

Again,  although  the  talk  is  not  pro¬ 
motional,  everybody  present  knows  it 
is  The  Pacific  Lumber  Company  that 
is  bringing  this  valuable  information; 
and  that  it  is  The  Pacific  Lumber 
Company  on  whom  they  can  lean  for 
technical  help — and  to  whom  they  can 
turn  for  lumber. 

In  our  talks  to  lumber  dealers  we 
impress  on  them  that  our  sales  stay 
high  because  we  constantly  arc  try¬ 
ing  to  be  of  service  to  the  customer — 
to  help  him  use  our  lumber  to  his  ad¬ 
vantage  or  profit. 

We  recommend  that  the  dealer  use 
the  same  approach. 

A  customer  has  a  question  on  lum¬ 
ber,  building  or  design — answer  it! 

A  customer  has  a  problem  about 
lumber,  building  or  design — solve  it! 

Do  something  definite  and  tangible 
for  the  customer  each  time  you  call 
on  him  or  he  calls  on  you. 

Pretty  soon  the  customer  gets  to 
thinking  that  the  dealer  is  a  pretty 
valuable  man  to  him,  and  he  cannot 
always  be  getting  help  from  the  dealer 
without  buying  a  good  part  of  his 
lumber  from  him. 


Of  course,  in  order  to  help  the  cus¬ 
tomer,  the  dealer  must  know  the  an¬ 
swers  himself.  We  try  to  give  the 
dealer  the  answers. 

As  further  assistance  to  the  dealer, 
we  call  on  his  customers  with  him 
when  he  needs  technical  or  sales  help. 
You  will  notice  that,  in  addition  to 
selling  lumber,  we  provide  assistance 
toward  the  profitable  use  of  that  lum¬ 
ber  by  our  customer  and  even  by  our 
customer’s  customers. 

On  the  premise  that  anything  that 
helps  the  Redwood  Industry  helps 
The  Pacific  Lumber  Company,  we 
often  suggest  projects  to  the  Califor¬ 
nia  Redwood  Association. 

For  instance,  although  Redwood  is 
known  as  the  easiest  of  woods  to  glue, 
we  thought  it  would  be  good  promo¬ 
tion  and  helpful  to  our  customers  to 
distribute  an  Association  release  on 
"The  Gluing  of  Redwood.”  As  far  as 
W'e  know,  no  other  species  sponsors 
such  a  booklet.  The  California  Red- 
w'ood  Association  carried  the  ball  and 
even  spent  the  money  to  set  up 
a  project  at  the  Forest  Products  Labo¬ 
ratory  to  get  new  information  on  the 
subject,  if  possible. 

Similar  procedure  resulted  in  the 
CRA  publication  .  .  "The  Machining 
of  Redwood.”  These  are  just  two  of 
many  technical  and  sales  promotion 
releases  of  the  CRA,  almost  all  of 
W'hich  were  initiated  and  carried 
through  to  a  successful  conclusion  by 
their  own  Association  personnel. 

The  same  resolution  "To  be  sure 
before  selling”  caused  The  Pacific 
Lumber  Company  to  place  a  research 
program  into  the  hands  of  the  Forest 
Products  Laboratory  before  putting 
their  electronically  edge-glued  Red¬ 
wood  core  on  the  market. 

All  known  technical  data  indicated 
that  Redwood  would  make  a  fine  core 
for  high  class  furniture  panels,  but 
(Continued  on  page  93) 


Lumber  items  requiring  further  manufac¬ 
turing,  such  as  this  electronically  edge-glued 
panel,  is  thoroughly  tested  for  satisfactory 
performance  before  marketing,  thus  eliminat¬ 
ing  customer  complaints  before  they  arise. 
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Housing 


Trends  In  House  Construction' 

J.  C.  TAYLOR,  JR. 

President,  American  Houses,  Inc.,  New  York,  N,  Y. 


Author  sees  first  aim  in  future  housing  as  development  of  a 
material  or  combination  of  materials  light  and  strong  enough  so  that 
entire  wall  panels  can  be  built  in  one  unit,  with  floor  panels  eight 
feet  by  thirty-two.  To  achieve  these  aims  panel  weignt  must  be  held 
to  four  pounds  per  square  foot.  Such  a  house  would  require  develop¬ 
ment  of  basic  materials,  connector  methods  and  new  mechanical 
equipment.  The  author  looks  to  moulded  plastics  (even  studs)  and 
bagasse  as  sources  for  new  basic  material.  It  might  further  be 
pointed  out  that  light-weight  wood  sandwich  panels  currently  in 
the  development  stage  offer  possible  solutions  to  the  weight-strength 
problem  also. 


I  AM  ENGAGED  in  the  house  building 
industry,  particularly  in  the  field  of 
prefabrication.  I  have  lived  with  the 
problems  and  achievements  of  this 
industry  for  15  years.  Out  of  these 
years  have  come  for  me,  certain  con¬ 
clusions,  and  one  of  these  is:  our 
engineers  have  played  far  too  small  a 
part  in  the  home  building  industry, 
and  as  a  result  the  industry  is  behind 
the  place  where  it  should  be  today. 

Who  is  to  blame  for  this  condition 
or  what  set  of  circumstances  brought 
it  about,  I  do  not  know,  but  today  I 
want  to  try  to  arouse  an  increasing 
interest  on  your  part;  I  want  to  tell 
you  what  some  of  us  in  the  industry 
have  as  goals;  I  want  to  point  out 
what  I  consider  the  "house  of  tomor¬ 
row”  can  be  from  a  construction 
standpoint  and  thus  show  why  we 
need  the  skill,  the  talents,  the  imagi¬ 
nation  and  efforts  of  engineers  all  over 
the  country. 

First,  I  want  to  say  that  the  build¬ 
ing  of  homes  constitutes  the  greatest 
potential  market  in  the  world.  No 
line  of  endeavor  compares  with  it  in 
potential  volume.  A  member  of  the 
Indonesian  Congress  was  in  my  of¬ 
fice  last  month  and  said,  "On  the  Is¬ 
land  of  Java  alone  they  are  in  des¬ 
perate  need  of  two  million  homes  to¬ 
day.”  South  America,  Africa,  Europe, 
Asia,  every  part  of  the  world  is  in 
need  of  homes,  in  fact,  the  number 
of  millions  needed  almost  staggers  the 
imagination.  This  need  is  measured  to 
what  is  to  us  a  very  substantial  level. 
Most  countries  think  in  terms  of  one 
room  for  from  two  or  three  people, 
against  an  American  standard  of  from 
one  and  one-half  to  two  rooms  per 
person. 

Converting  such  a  need  to  an  actual 
market  is,  of  course,  the  problem,  but 

*  Presented  at  meetinj;  of  the  Forest  Products 
Research  Society,  Northeast  Section,  December 
4-S,  at  New  York  City. 


in  no  similar  commercial  challenge  in 
history  has  there  been  so  much  favora¬ 
ble  pressure: 

1.  Housing,  aside  from  war,  is  the 
Number  One  political  issue  all 
over  the  world.  Leaders  in  de¬ 
mocracies,  tyrants,  kings,  revolu¬ 
tionists  and  reformers  all  prom¬ 
ise  housing  to  the  people  be¬ 
cause  it  is  good  politics.  Most  of 
them  are  serious  too,  because  they 
feel  that  this  is  a  promise  that 
they  must  make  good. 

2.  No  phase  of  economic  activity 
except  production  for  war  gets 
so  much  Government  aid  on  a 
world-wide  basis  as  housing. 

3.  Real  reformers,  our  churches, 
our  social  workers  on  a  world¬ 
wide  basis  agree  that  in  adequate 
housing  lies  the  greatest  single 
factor  in  any  nation’s  securit)' 
and  in  its  real  participation  in  a 
free  world. 

Our  picture  here  is  different  in 
many  respects,  but  still  is  a  great  chal¬ 
lenge.  No  one  knows  the  extent  of 
the  market  for  homes  on  farms  if 
they  could  be  built  at  reasonable  cost. 
The  vacation  cottage  or  summer  home 
factor  is  very  large.  Millions  of  fami¬ 
lies  need  a  larger  home  with  more 
rooms.  The  impact  of  television  on 
our  living  has  been  great,  and  one  of 
the  results  is  that  people  stay  at  home 
more.  They  need  more  room.  The 
decentralization  of  industry  is  taking 
place  and  will  continue.  Ahead  of  us 
we  have  a  great  and  real  problem  in 
connection  with  housing  the  aged  and 
the  retired.  On  top  of  all  these  fac¬ 
tors  is  a  normal  compliment  of  from 
700  to  800  thousand  new  homes 
needed  annually  as  a  result  of  obso¬ 
lescence,  fire  and  storm,  and  new 
family  formation.  This  is  but  a  brief 
picture  of  housing  need  as  its  exists 
today. 


In  discussing  housing  and  the  prob¬ 
lems  connected  with  it  on  a  wi  rld- 
wide  basis,  I  would  like  to  skip  .,ver 
the  factor  of  war,  either  hot  or  old, 
because  sooner  or  later  by  some  n  ans 
our  world  must  and  will  settle  down 
to  peace. 

One  of  the  greatest  handicaj  ,  in 
most  countries  is  lack  of  suitable  ma¬ 
terials  out  of  which  houses  ca  :  be 
built  economically.  South  Americ.  for 
example,  has  much  lumber  but  only 
a  fractional  part  of  it  is  suiter'  for 
housing.  Masonry  in  the  fori  of 
adobe,  cement  or  brick  is  availat  e  in 
most  countries,  but  it  is  expensi^^  in 
terms  of  money  and  in  terms  of  lan- 
power.  It  is  heavy  and  in  mos’  in¬ 
stances  transportation  facilities  arr  not 
adequate.  The  construction  peric  J  is 
much  too  long  if  the  prograi.  of 
housing  is  to  be  solved.  When  you 
talk  of  building  houses  under  'Uch 
conditions,  you  are  speaking  nf  a 
product  that  will  be  available  to  the 
wealthy  few.  In  Israel,  Greece,  B  ,izil, 
India,  Cuba,  Indonesia  and  many  other 
countries  the  cost  of  homes  bui!  to¬ 
day  transformed  into  the  wages  o'  the 
average  worker  represents  as  miaii  as 
10  years  of  gross  income.  In  our  coun¬ 
try  we  think  in  terms  of  two  and  one- 
half  times  the  gross  income  for  a  vear 
as  a  reasonable  price  for  a  home,  and 
yet  here  costs  are  too  high  to  meet 
the  demand  in  many  classifications. 

Weight  Factor 

Weight  is  another  very  important 
retarding  factor.  It  is  so  important  be¬ 
cause  transportation  is  a  real  f.utor 
in  cost.  It  has  been  estimated  that  in 
a  4-room  house  built  in  this  country 
of  a  700  to  720  square  foot  irea, 
there  is  involved  approximately  21 
thousand  ton  miles  of  transport,  ion. 

The  customary  way  to  build  a  1  lusc 
is  to  put  it  together  from  many  -  nail 
pieces.  Prefabrication,  using  panel  on- 
struction,  has  improved  this  cond  tion 
a  great  deal,  but  we  must  go  even  ;ur- 
ther  and  use  larger  and  larger  pa  els; 
in  fact,  building  the  whole  side  'f  •* 
house  in  one  piece  before  the  i  'Use 
is  shipped  to  the  site  is  desir  ble. 
Such  a  panel  with  today’s  con  ruc¬ 
tion  calls  for  mechanical  equip  rent 
for  handling  and  erection  at  the  dte. 
and  this  is  impractical  except  for  da¬ 
tively  large  projects. 
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This  and  many  other  disadvantages 
of  present  day  construction  led  me  to 
coni  lude  some  time  ago  that  our  pres¬ 
ent  ypes  of  construction  are  inade¬ 
quate,  because  using  them  we  cannot 
(ill  .11  of  the  existing  demand  at  home, 
and  m  them  we  have  found  relatively 
no  jlutions  to  the  greater  problems 
exist  ng  abroad. 

1  want  to  describe  a  method  of 
buil.iing  a  house  and  present  to  you 
one  possible  way  of  overcoming  a 

Ilarg'  part  of  the  "road  blocks”  which 
we  imd  in  our  paths.  Aside  from  the 
foui  Jation,  a  house  is  made  up  of 
five  nain  parts  plus  mechanical  equip- 
mer  for  heating,  lighting,  plumbing 
and,  in  some  instances,  air  condition¬ 
ing.  The  five  parts  are;  floor,  exterior 
walls  with  openings,  interior  parti- 
tionh  with  openings,  ceiling  and  roof. 
The  function  of  each  of  these  five 
parts  is  well  known.  The  required 
char.icteristics  as  to  strength,  rigidity, 
resistance  to  weather,  etc.,  are  all  a 
matter  of  record.  Testing  procedures 
have  been  well  established.  We  know 
what  we  need  and  we  know  how  to 
find  out  when  we  have  it.  We  know 
the  tost  of  each  of  these  parts  broken 
down  into  materials,  labor,  transpor¬ 
tation  and  financing.  In  short,  we 
know  what  we  have  to  work  with 
price-wise. 

Highway  Shipments 

We  know  that  we  can  ship  by  truck 
over  our  highways  panels  32  feet  long 
by  8  feet  wide.  Therefore,  we  should 
have  in  a  24  X  32  foot  house  only 
three  floor  panels  8  feet  by  32  feet. 
These  panels  must  be  complete  with 
finish  surface,  insulation,  sufficient 
strength  and  rigidity  to  meet  all  floor 
requirements  for  housing,  and  placed 
at  an  8  foot  span.  The  weight  must 
not  be  more  than  4  lbs.  per  square- 
foot. 

For  our  exterior  walls  a  similar  ma¬ 
terial  or  composition  of  materials  out 
of  which,  in  a  factory,  can  be  assem¬ 
bled  full  wall  sections,  with  windows 
and  doors  and  insulation  up  to  32  feet 
in  length  and  up  to  8  feet  in  height, 
and  weighing  not  over  3  lbs.  per 
square  foot.  The  same  idea  for  parti¬ 
tions,  with  the  weight  not  exceeding  2 
lbs,  per  square  foot,  ceilings  not  more 
than  2  lbs.,  and  roofs  from  3  to  3V2 
lbs.  l.lsing  such  material  we  would 
enclose  a  house  with  3  floor  panels, 
d  side  walls,  2  gables  and  not  more 
than  4  roof  sections,  a  total  of  13 
piece.,  each  of  which  could  be  un- 
loadc  1  and  erected  by  hand  labor  at 
the  s  te. 

In  my  opinion  this  is  our  Number 
One  .;oal.  The  trend  in  architecture 
IS  to  .ard  straight  lines  and  flat  sur¬ 
faces  You  can  call  it  modern  or  con- 
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temporary  or  what  you  will.  Interiors 
are  becoming  more  and  more  simple. 
The  extensive  use  of  glass  is  the  order 
of  the  day,  and  such  embellishments 
as  dormer  windows  are  fast  disappear¬ 
ing.  Such  a  material  or  composition 
of  materials  as  I  describe  will  fit  in 
beautifully  with  current  architectural 
trends.  Transportation  costs  would  be¬ 
at  a  minimum;  field  erection  as  to 
time  and  cost  would  be  at  a  minimum, 
in  fact,  if  your  foundation  were  ready, 
building  a  home  would  be  a  matter  of 
a  few  days  at  most,  for  each  erected 
part  would  be  completely  finished  ex¬ 
cept  for  the  final  coat  of  paint,  in 
case  the  material  used  needed  painting. 

One  of  the  most  expensive  items 
in  houses  today  is  the  equipment  for 
heating,  lighting,  plumbing  etc.  Even 
in  our  prefabricated  houses  these  jobs 
are  done  by  subcontractors  in  the  same 
manner  as  they  are  done  for  conven¬ 
tionally  built  homes.  Once  we  have 
worked  out  our  goal  of  building  the 
house  enclosure  as  we  think  it  should 
be  built,  the  improvement  in  the  me¬ 
chanically-operated  gadgets  will  fol¬ 
low.  Our  panels  will  be  shipped  wired, 
cutting  for  the  trades  will  be  done, 
and  all  the  equipment  will  be  shipped 
for  rapid  installation  even  as  automo¬ 
biles  are  now  shipped  to  dealers  minus 
items  such  as  clocks,  horns,  seat  cov¬ 
ers  and  in  some  cases,  batteries.  Such 
a  house  will  be  one  that  a  farmer  and 
his  sons  could  well  build  themselves 
in  a  few  days. 

In  evidence  throughout  such  a  de¬ 
velopment  must  be  the  engineer  to 
develop  basic  material,  work  out  con¬ 
nectors,  develop  new  mechanical 
equipment  and  a  thousand  and  one 
requisites. 

Does  this  sound  like  a  dream?  I 
want  to  recall  for  you  what  happened 
during  the  early  days  of  the  automo¬ 
bile.  In  the  first  go-around,  the  empha¬ 
sis  was  on  power.  The  first  cars  were 
buggies  with  an  engine  mounted  in¬ 
stead  of  a  horse  hitched.  For  years 
the  experiments  went  on,  steam  power, 
electrical  power,  gasoline  power,  chain 
drives,  belt  drives,  etc.,  and  eventually 
the  power  plant  was  decided  upon. 
When  the  power  program  was  solved 
the  other  developments  came  one  by 
one.  The  industry  developed  a  com¬ 
pletely  new  conception  of  transporta¬ 
tion  until  today  your  car  has  every¬ 
thing,  a  radio,  its  own  heating  plant, 
its  own  electric  lighting  plant  and,  in 
some  cases,  air  conditioning.  This 
same  kind  of  development  is  going  to 
take  place  in  housing,  and  the  house 
of  the  future  from  the  standpoint  of 
design  and  cost  will  no  more  resemble 
present  day  houses  than  the  automo¬ 
bile  seats  in  your  car  resemble  the 
buggy  seats  of  1900.  This  is  the  chal¬ 


lenge  and  the  question  is:  Are  you  and 
1  going  to  take  part,  are  we  going  to 
share  in  the  achievement? 

I  promised  to  mention  one  way  that 
a  panel  such  as  I  describe  might  be 
produced.  When  and  as  it  is  produced, 

I  think  it  will  be  of  laminated  or  so- 
called  sandwich  variety.  An  exterior 
wall,  for  example,  will  be  made  of 
two  sheets  of  material,  one  providing 
interior  finish  and  the  other  the  ex¬ 
terior  finish.  Between  the  two,  rein¬ 
forcing  or  strength  giving  materials 
of  the  moulded  plastic  variety  and, 
possibly,  a  plastic  stud  in  place  of  a 
wood  member.  The  inner  and  outer 
surfaces  glued  to  the  plastic  member- 
Experiments  along  this  line  are  very 
encouraging.  Many  of  the  present 
sheet  materials,  such  as  hardboards, 
offer  great  promise,  and  if  they  fall 
short  I  believe  that  improvements  in 
their  manufacture  can  be  expected. 
Experiments  in  floor  panels  along  the 
same  line  arc  encouraging  also. 

Local  Assembly 

Such  a  panel  offers  much  through 
the  medium  of  local  assemblies.  The 
reinforcing  members  can  be  moulded 
at  one  central  point  in  the  country, 
shipped  to  various  assembly  plants 
where  they  would  be,  along  with  win¬ 
dows,  doors  and  sheet  materials,  etc., 
assembled  into  full  wall  sections.  Such 
construction  could  be  carried  out  in 
almost  any  country  in  the  world.  Even 
if  certain  materials  had  to  be  imported, 
they  would  form  little  bulk  and  make 
up  only  a  fraction  of  the  total  cost, 
The  world  is  full  of  raw  materials 
for  the  manufacture  of  sheet  materials 
needed,  in  fact,  if  necessary,  these  ma¬ 
terials  can  be  grown  as  a  crop.  Think 
of  the  bagasse  that  is  burned  or  wa.sted 
each  year. 

I  hope  that  you  do  not  think  that 
1  believe  the  job  is  a  simple  one  or 
that  the  answer  is  just  around  the  cor¬ 
ner.  Time,  much  time,  will  be  used. 
Many,  many  hundreds  of  thousands 
of  dollars  will  be  spent.  Talent,  the 
finest  we  can  find,  must  be  used,  and 
that  is  where  our  engineers  come  in. 
Without  their  faith  and  help  and  vi¬ 
sion,  the  job  cannot  be  done.  It  has 
been  said  that  when  you  can  define 
your  problem  you  have  it  75%  licked. 
I  think  that  applies  to  this  problem 
and  I  believe  that  the  answer  will  be 
found. 

In  discussing  housing,  I  considered 
the  world  as  a  scene.  I  believe  that  is 
the  correct  approach.  Whether  we  like 
it  or  not,  we  are  now  an  integral  part 
of  the  world,  a  part  of  a  confedera¬ 
tion  of  nations.  Our  country  has 
much  to  offer  in  helping  to  improve 
world  housing. 
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Economic  Aspects  of  Residue  Utilization:  A  Few 
Basic  Questions  Examined' 

EDWARD  D.  GRUEN 

Assistant  Professor  of  Finance  and  Statistics,  Amos  Tuck  School  of  Business  Administration,  Dartmouth  College,  Hanover,  N.  H. 


'  Discusses  residual  utilization  from  various  viewpoints:  first,  the 
various  possible  divergent  goals  of  professional  groups  who  have 
contributed  technical  guidance;  second,  basic  motives  that  might 
induce  the  public  to  support  a  long-range  program  for  putting  more 
wood  waste  to  use;  and  third,  the  economic  conditions  necessary  for 
broadening  use  of  wood  waste.  In  the  latter  case,  the  author  points 
out  various  factors  that  may  work  for  increased  use  of  wood  resi¬ 
dues  even  while  the  per  capita  consumption  of  lumber  is  expected 
to  continue  falling. 


Introduction 

The  year  1947  marks  an  impor¬ 
tant  milestone,  perhaps  even  a 
significant  turning-point,  in  the  his¬ 
tory  of  forest  products  utilization.  In 
that  year  this  Society  was  founded  and 
the  U.S.  Forest  Service  published  the 
first  nation-wide  survey  of  wood  waste 
(Report  4,  The  Reappraisal  of  the 
Forest  Situation).  The  co-author  of 
this  report,  Mr.  Robert  K.  Winters, 
presented  a  paper  at  the  national  meet¬ 
ing  of  F.P.R.S.  the  following  spring 
on  The  Importance  of  Economic  Con¬ 
siderations  in  Wood-Waste  Utiliza¬ 
tion  Research.  In  this  paper  he  called 
for  "a  generous  amount  of  clear  eco¬ 
nomic  thinking  by  the  chemist,  engi¬ 
neer  or  other  specialist  at  the  time 
waste-utilization  studies  are  being 
planned  and  carried  out  ...  to  permit 
concentration  of  effort  on  those  likely 
to  develop  processes  that  can  be  use¬ 
ful  in  plant  operation  as  well  as  in 
wood-waste  utilization.” 

Mr.  Winters’  call  did  not  fall  on 
deaf  ears.  During  these  five  years  the 
pulp  .and  paper  industry  has  developed 
or  perfected  .several  major  new  proc¬ 
esses  which  use  as  base  stock  either 
round  wood  of  (formerly)  non¬ 
commercial  species  or  chips  prepared 
from  wood  leftovers.  Included  here 
are  the  neutral  semi-chemical  sulphite 
processes  employing  Northern  and 
Eastern  hardwoods,  the  new  sulphate 
process  for  making  dissolving  pulps 
from  Southern  hardwoods^  and  the 
bleached  kraft  pulps  which  are  now 
made  in  the  Pacific  Northwest  with 
chips  from  logging,  sawmill  and  ve- 

1  Presented  at  meeting  of  the  Forest  Products 
Research  Society,  Northeast  Section,  iMay  7-8, 
195J,  at  Portland,  Me. 

*  The  author  is  making  a  study  of  this  subject, 
oriented  to  New  Enjtland  with  the  aid  of 
research  >;rants  from  the  Federal  Reserve  Bank 
of  Boston. 


neer  mill  residues.-  The  post-war  in¬ 
troduction  of  efficient  processes  for 
using  waste  in  hardboard'*  and  insu¬ 
lating  board*  making  should  also  be 
noted. 

A  number  of  other  innovations 
could  be  cited — the  use  of  mill  waste 
as  a  filler  in  plastics,  as  core  stock  in 
plywood  panels,  as  cut  stock  in  furni¬ 
ture  and  other  factory  products,  in 
laminates,  and  so  on.  There  is  no  de¬ 
nying  the  pleasure  afforded  by  the  op¬ 
portunity  to  take  an  inventory  during 
a  period  of  progress.  But  such  a  pe¬ 
riod  also  makes  an  ideal  time  for  the 
"kibitzer”  to  raise  a  few  questions! 
For  example,  there  might  be  some 
profit  in  knowing  which  professional 
group  (or  groups)  supplied  most  of 
the  technical  guidance.  Then  there  is 
the  matter  of  goals  and,  fully  as  im¬ 
portant,  the  prime  motives  behind  the 
present  campaign  to  "Make  Haste 
with  Waste” — can  these  be  identified.^ 
And  what  about  the  term  "waste”  it¬ 
self — can  there  be  a  static  concept  of 
it.^  Finally,  what  are  .some  of  the  fac¬ 
tors  favorable  to  (and  unfavorable  to) 
more  intensive  utilization  of  wood — 
and  which  way  docs  the  balance  seem 
to  be  tipped  for  the  future? 

Residue  Utilization — Whose 
Field  Is  It? 

We  arc  accustomed  to  hear  in  this 
day  of  the  .specialist  that  technology 
is  moving  so  fast  the  owner  or  man¬ 
ager  of  a  business,  let  alone  the  mere 
layman,  is  ill-equipped  to  act  or  even 
judge,  unaided.  To  whom,  then,  has 
industry  turned  for  expert  advice  in 
residue  utilization — the  engineer?  the 
chemist?  the  forester?  the  economist? 
the  research  director?  In  the  files  of 
this  Society  alone,  we  should  find  all 
the  evidence  we  need  for  an  answer  to 
this  question.  (Author’s  note:  to  rule 


this  type  of  evidence  inadmis'  blc 
would  require  a  demonstration  that  the 
progress  made  by  industry  the  past 
five  years  and  the  coincident  matu  ing 
of  the  F.P.R.S.  as  a  research  fo.um 
were  wholly  unrelated  events — s<  ne- 
thing  only  the  brashest  novice  in  the 
field  would  ever  attempt  to  pro-j!) 
Let  me  show  you  a  small  contrciled 
sample  (n  =  5)  drawn  from  a  si.  gle 
day’s  reading  of  F.P.R.S.  publicai  ons 
under,  as  they  say,  standard  c(  edi¬ 
tions — 

"...  the  diversification  of  the  .aw 
material  sources  of  hardboard  ro- 
duction  indicates  an  impor' mt 
trend.  It  shows  that  hardboard  and 
similar  base  products  can  and  .vill 
utilize  increasingly  important 
amounts  of  the  byproducts  of  the 
forest  products  industry  that  ar  the 
present  time  find  no  better  use  tlian 
as  hogged  fuel.  .  .  .” 

This  first  item  in  our  draw  re  pre¬ 
sents  a  credit  to  the  engineer.  It  e  imc 
from  a  paper  on  the  Hardboard  Indus¬ 
try  which  Wayne  Lewis  of  the  Forest 
Products  Laboratory  (Madison)  pre¬ 
sented  in  Raleigh,  N.C.  last  Novem¬ 
ber.® 

".  .  .  The  utilization  of  wood  waste 
cannot  be  considered  an  end  in  it¬ 
self,  since  the  inefficient  use  of  capi¬ 
tal  and  labor  resources  is  worse  than 
the  loss  of  a  potentially  valuable  ma¬ 
terial.  .  .  Chemical  uses  where  the 
fiber  is  destroyed  should  be  a  last 
resort.  ...” 

Surely  this  is  the  economist  speaking 
— or  possibly  a  lumber  techni(  an.'' 
No,  this  is  the  counsel  of  a  chemist, 
Jerome  F.  Saeman  (also  on  the  1  PL 
staff  at  Madison),  and  it  w'as  give  i  at 
the  national  meeting  last  June.*' 

".  .  .  About  the  ,turn  of  the  eii- 
tury  the  motivating  influence  (in 
forest  products  utilization  resea  vh) 
was  to  conserve  the  forests;  t  day 
we  study  w'ise  and  efficient  u^  of 
wood  to  conserve  manpower  and 
capital  and  to  promote  more  ii  cn- 
sive  management  of  the  forest 

This  appraisal  does  not  come  om 
anyone  with  a  private  interest  to  s  ve; 
instead  it  represents  the  consici  red 
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judgment  of  Lyle  F.  Watts  in  his 
capacity  as  Chief  Forester  of  the 
United  States.  The  passage  appears  in 
thu  paper  Mr.  Watts  prepared  for  the 
So  iety’s  1952  national  meeting.^ 

.  .  The  pulp  and  paper  industry 
has  been  built  to  its  present  size 
largely  upon  waste  or  scavenger 
materials.  .  .  Paper  can  use  the 
ellulose  fibers  from  any  leafy 
_;reen  plant  (but)  both  for  cost  and 
technical  advantages,  it  has  turned 
[0  wood  discarded  as  unmanufac- 
. arable  by  sawmills  and  other  tim- 
i'-er  users . ” 

Does  this  author’s  professional  train¬ 
ing  give  him  away?  He  may  have 
sounded  like  a  chemist  or  laboratory 
specialist,  but  actually  this  is  an  ex¬ 
cerpt  from  a  paper  given  by  an 
economist,  Louis  Stevenson,  who  re¬ 
tired  quite  recently  after  long  service 
with  the  American  Paper  &  Pulp 
Association.** 

".  .  .  In  recent  years  the  develop¬ 
ments  in  logging,  transportation  and 
manufacturing  methods  coupled 
with  the  enactment  of  state  forest 
laws  have  encouraged  close  utiliza¬ 
tion  in  the  Pacific  Northwest  .  .  . 
(and)  have  changed  the  thinking 
of  men  responsible  for  planning 
woods  operations.”® 

Our  last  quotation,  appropriately 
enough,  is  as  broad  as  the  field  and 
befits  the  man  who  serves  Simpson 
Logging  (Shelton,  Washington)  as 
Vice-President  in  Charge  of  Research 
and  Forestry — Mr.  George  L.  Drake, 
whose  professional  colleagues  paid 
their  tribute  last  year  by  electing  him 
to  the  Presidency  of  the  Society  of 
American  Foresters. 

To  my  way  of  thinking  these  cita¬ 
tions  illustrate  that  no  single  profes¬ 
sional  group  can  stake  out  an  exclu¬ 
sive,  or  even  a  prior,  claim  to  the  field 
of  residue  utilization.  Each  has  an 
important  contribution  to  make.  In¬ 
deed,  had  the  specialists  dissipated 
their  energies  in  petty  quarrels  over 
rights  and  prerogatives,  it  is  most 
unlikely  that  the  utilization  record 
would  have  shown  any  major  ad¬ 
vances.  This  is  not  to  say  that  it  is  an 
tas\'  matter  today  to  arrange  for  an 
cffcitive  pooling  of  specialized  infor¬ 
mation  on  a  given  subject  preparatory 
to  making  policy  decisions.  Far  from 
It.  '\Vith  the  trend  toward  more  com- 
parrmentalization  of  knowledge  still 
runumg  strong,  a  professional  society 
''Ucl  as  this  probably  has  all  it  can  do 
to  nduce  the  members  immediately 
con  erned  to  enter  into  a  direct  ex- 
cha:  gc  of  ideas  and  tentative  findings. 

JOURNAL  of  FPRS 


Choice  of  Ends — and  Means 

With  the  field  being  shared  by  so 
many  groups,  a  possible  complication 
is  introduced,  however:  suppose  the 
goals  of  the  various  technical  (staff) 
groups  don’t  coincide?  Or,  granted 
that  they  may  appear  to  set  forth  the 
objective  in  common — or  at  least 
reconcilable — terms,  may  they  not  be 
found  to  differ  seriously  on  the  means 
for  achieving  it? 

Forester’s  Viewpoint 

If  we  may  take  the  recent  Report  of 
the  Governor’s  Forest  Policy  Commit¬ 
tee  (for  New  Hampshire)^®  as  repre¬ 
sentative  of  the  forester’s  outlook — 
and  from  my  personal  acquaintance 
with  the  drafting  of  that  report,  I 
think  we  may — then  the  forester  can 
be  said  to  view  utilization  as  one 
means  (better  cutting  practices  being 
the  other)  for  bridging  the  present 
gap  between  drain  and  growth  in 
softwood  sawtimber.  The  Summary 
issued  by  this  Committee  leaves  no 
doubt  that  the  over-riding  objective, 
to  use  their  words,  "is  to  build  up 
enough  desirable  growing  stock  to 
assure  adequate  future  production  .  .  . 
(and  that)  the  key  to  this  problem 
lies  in  better  cutting  practices  and 
improved  utilization.”  The  appraisal 
of  the  New  Hampshire  forest  situa¬ 
tion,  which  formed  the  basis  for  this 
policy  declaration,  was  in  familiar 
terms:  "Most  of  the  state’s  forest 
area  is  in  poor  condition.  .  .  Softwood 
sawtimber  is  being  cut  faster  than  it 
is  growing;  low-grade  hardwood  is 
growing  faster  than  it  is  being  used.” 
With  this  approach  the  forester  has 
taken  a  hand  in  developing  markets 
for  weed  trees,  culls  and  inferior 
species — the  more  thinnings  and  im¬ 
provement  cuttings  that  are  made,  the 
closer  is  brought  the  day  when  our 
commercial  forest  land  will  be  at  opti¬ 
mum  productivity.  His  interest  in  the 
wider  use  of  mill  residues  is  not  quite 
as  direct:  here  the  chief  appeal  seems 
to  rest  in  the  prospect  that  forest- 
based  industries  will  thereby  be  as¬ 
sisted  "in  making  the  transition  to 
using  continuous  forest  crops.”*® 

It  is  not  for  the  others  to  think  in 
these  terms.  To  the  chemist  a  tree  is  a 
wondrous  living  factory  (to  apply 
Donald  Hardenbrook’s  simile  **)  cre¬ 
ating  without  the  aid  of  man  cellulose, 
lignin  and  hemi-celluloscs,  not  to  men¬ 
tion  a  variety  of  complex  compounds 
in  the  form  of  tannins,  tars,  gums  and 
oils.  For  cellulose,  "the  noble  mole¬ 
cule”,  he  has  the  highest  regard;  for 
lignin,  who.se  properties  remain  elu¬ 
sive,  the  greatest  curiosity.  A  good 
illustration  of  the  difference  in  ap¬ 
proach  is  furnished  by  the  high  alpha 
dissolving  pulps.  The  chemical  in¬ 


dustry  has  long  since  confirmed  their 
rank  as  an  important  industrial  raw 
material.  Engineers  are  impressed  not 
only  by  their  high  output/input  ratios 
on  production  lines,  but  also  by  the 
sheer  efficiency  of  the  forest  in  grow¬ 
ing  as  much  cellulose  fiber  annually 
on  one  acre  as  the  yearly  harvest  from 
five  acres  of  good  cotton  land.**  And 
the  economist,  who  by  training  looks 
to  the  amount  of  dollar  value  added 
to  raw  wood  when  he  compares  one 
wood  use  to  another,  reaches  the  same 
conclusion.  That  is  to  say,  the  conver¬ 
sion  of  wood  to  purified  cellulose  is 
as  commendable  in  the  economist’s 
eyes  for  the  five-times  multiple  in 
value  which  occurs  through  processing 
to  this  form  as  it  is  to  the  chemist 
for  its  stable  character  in  reactions, 
or  to  the  engineer  for  its  high  effi¬ 
ciency  in  physical  volumes  yielded. 
(Harold  Shepard’s  recent  article  on 
the  New  England  Pulp  and  Paper 
Industry*2-  presents  data  which  seem 
to  me  to  support  such  an  inference 
as  to  the  economist’s  view.) 

Various  Aims 

The  important  point  we  come  to 
from  all  this  is  that  we  have  here  the 
basis  for  a  potential  conflict  between 
the  specialists  over  ends  as  well  as 
means.  Chemists,  engineers  and  eco¬ 
nomists  are  inclined  to  think — if  I 
may  up-end  the  old  saying — that  "for¬ 
esters  often  fail  to  see  the  wood  for 
the  forest.”  To  non-foresters  the  fact 
that  dissolving  pulps  (to  stay  with  our 
example)  can  today  be  made  from 
wood  generally  considered  inferior  or 
even  'unmerchantable’,  is  largely  in¬ 
cidental.  To  foresters,  though,  this 
very  fact  is  all  but  determining.  In 
other  words,  had  these  stands  of  tim¬ 
ber  been  judged  capable  of  producing 
continuously  an  adequate  volume  of 
sawlogs,  then  the  support  given  by 
foresters  to  their  diversion  to  pulp — 
would  probably  be  found  to  range 
from  cool  to  nil. 

That  this  division  of  opinion  should 
arise  is  natural  enough — after  all,  the 
forester  is  the  only  one  of  these  spe¬ 
cialists  whose  training  and,  indeed, 
his  subject  itself  require  that  he  take 
a  generalized  view  of  the  forest  and 
learn  to  think  in  terms  of  generations. 
What  does  concern  us,  though — and 
to  my  mind  it  justifies  our  raising  the 
que.stion  when  we  examine  the  forces 
at  work  in  the  field  of  residue  utiliza¬ 
tion — is  whether  the  forester  is  likely 
to  insist,  when  the  chips  are  down, 
that  the  tests  of  the  laboratory  and  the 
market  place  must  give  way  to  his  con¬ 
cepts  of  what  makes  for  sound  forestry 
in  any  long-run  management  of  tim¬ 
ber  resources.  Admittedly,  this  is  an 
area  where  little  can  be  known  for 
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certain,  but,  if  we  are  to  get  any 
measure  of  it,  we  must  at  least  probe 
deep  enough  to  identify  the  motives 
that  impel  the  various  groups  to 
"Make  Haste  With  Waste.” 

"More  Haste  with  Less  Waste” 

.  .  .  Why? 

At  first  glance  it  must  seem  point¬ 
less  merely  to  raise  such  a  question 
at  a  technical  meeting  of  this  kind. 
Aren’t  we  all  against  waste  just  as 
staunchly  as  we’re  "Agin”  sin,  war, 
high  taxes,  inflation  and — to  bring  it 
closer  to  home — forest  fires?  Of  course 
we  are,  but  how  many  are  with  us  and 
what  are  their  reasons  ?  ...  In  a  word, 
will  they  stick  to  the  finish?  The  more 
one  observes  the  slow  progress  man 
has  made  in  attacking  the  evils  of  war 
and  inflation — to  mention  two  most 
everyone  today  says  he  recognizes  as 
evil — the  more  convinced  one  becomes 
of  the  necessity  for  discovering  WHY 
people  oppose  (support)  any  given 
program.  It  could  happen,  in  our  case, 
that  we  too  may  find — "when  the 
chips  are  down” — that  the  popular 
protest  against  waste  in  the  forest  in¬ 
dustries  is  poorly-roqted  and  programs 
designed  to  combat  it  are,  therefore, 
not  likely  to  receive  strong  and  de¬ 
pendable  support.  Or  it  could  be  that 
our  support  is  solidly  grounded  in  "a 
growing  awareness  of  the  potential 
value  of  the  wood  substance  now  be¬ 
ing  turned  to  waste.”  The  quotation 
is  from  J.  H.  Jenkins’  excellent  re¬ 
view  of  the  status  of  wood  waste 
utilization  in  Canada  just  published 
in  Ottawa'®;  he  goes  on  to  cite  this 
development  as  "perhaps  the  most 
significant  (one)  in  the  continuing 
search  for  a  more  complete  and  effec¬ 
tive  utilization  of  trees  from  our 
forests.” 

At  the  very  start  differences  crop 
up  when  we  try  to  settle  upon  a  satis¬ 
factory  definition  of  the  term  "wood 
waste.”  But  these  are  minor  and  prob¬ 
ably  disturb  those  who  compile  and 
use  the  statistics  more  than  they  do 
you,  so  we  can  pass  over  them  rather 
quickly.  Most  definitions  are  in  de¬ 
scriptive  terms  and  the  common  prac¬ 
tice  in  technical  literature  has  been  to 
follow  rather  closely  the  example  set 
by  the  U.  S.  Forest  Service  and  Mr. 
Winters  in  the  reports  cited  in  the 
opening  paragraph  of  this  paper.  This 
means,  briefly,  taking  as  "waste”  all 
wood  incident  to  the  harvesting  and 
processing  of  the  original  tree  which 
does  not  enter  into  the  primary  prod¬ 
uct.  Accordingly,  this  definition  in¬ 
cludes  the  so-called  logging  or  woods 
waste  (tops,  branches,  slash,  injured 
trees,  etc.)  together  with  the  mill  or 
plant  waste  which  develops  from  pri¬ 
mary  and  secondary  manufacturing  of 
round  wood  and  lumber  (slabs,  edg¬ 


ings,  trim,  sawdust,  shavings,  etc.  at 
sawmills;  veneer  cores;  lignin  and 
cellulose  lost  in  pulping;  etc.).  Bark 
is  usually  not  counted  as  wood — this 
treatment  must  sound  strange  in  the 
Douglas  Fir  region  in  the  light  of 
their  recent  promotions.  (Parenthet¬ 
ically,  any  reference  to  bark  in  Maine 
could  stir  up  memories  of  the  days 
when  cattle  hides — as  I  have  been  told 
— were  brought  to  the  forest,  to  tan¬ 
neries  set  up  "under  a  spreading  chest¬ 
nut  tree”,  so  to  speak;  then  the  bark 
was  the  thing  and  the  wood  was  often 
just  a  nuisance!) 

Many  feel  that,  ideally,  the  concept 
of"  "what  is  left  over”  .should  be  ex¬ 
tended  to  include  unsevered  wood 
such  as  the  inferior  species,  w'eed 
trees  and  other  growth  in  surplus  for 
want  of  a  market  that  will  pay  for 
their  removal  from  the  forest.  But  as 
it  is,  field  surveys  generally  have  to 
settle  for  narrower  definitions.  For  ex¬ 
ample,  the  Jenkins  study  of  Canadian 
developments  in  waste  utilization  cut 
off  at  primary  manufacturing,  (and 
even  there  excluded  pulp  residues) 
and  the  inventory  of  New  England 
wood  waste,  the  results  of  which  were 
published  in  1949",  was  confined  to 
manufacturing  waste  from  lumber  and 
turnery  operations,  with  logging  as 
well  as  pulp  mill  residues  excluded. 
Wherever  we  draw  the  line,  waste 
can,  of  course,  be  only  a  relative  term. 
Wood  which  is  discarded  at  one  place, 
or  at  onepoint  in  time,  as  economically 
impracticable  to  use  may,  at  other 
places  or  times,  be  considered  prime 
material.  Moreover,  the  quantity  of 
waste  produced  in  processing  is  di¬ 
rectly  related  to  the  end-products  of 
the  conversion  processes,  hence  is  sub¬ 
ject  to  change  as  the  markets  and 
technology  change.  What  really  mat¬ 
ters,  it  seems  to  me,  is  that  the  forest 
industries  continually  conceive  of 
these  residues  as  by-products,  in  much 
the  way  they  are  treated  in  the 
chemical  and  petroleum  industries. 
When  this  more  dynamic  approach  is 
linked  up  with  aggressive  research 
and  willingness  to  venture,  then  the 
day  will  come  when  we  can  say  that 
unutilized  wood  residues  are  today’s 
by-products  for  which  we  will  find  an 
economic  u.se  tomorrow. 

How  to  Prompt  Support 

Now  to  turn  to  the  motives  that 
may  prompt  the  American  people  to 
give  unwavering  support  to  a  program 
aimed  at  eliminating  "waste”  in  the 
forest  indu.stries.  First  of  all,  it  is 
wholly  out  of  keeping  with  the  facts 
to  say  that  we  are  a  people  who  are 
allergic  to  waste  in  any  form.  'That 
may  have  been  true  in  Colonial  times, 
but  the  opening  of  the  West  seems  to 
have  put  an  end  to  it.  Nor  can  it  be 


seriously  maintained  that,  with  the 
benefit  of  a  century  of  hindsight,  we 
now  look  back  upon  the  pace  of  our 
development  as  an  industrial  nation 
and  find  that  our  progress  was  im¬ 
peded  because  of  the  prodigal  waste 
that  accompanied  it.  One  does  not 
have  to  accept  all  of  Professor  G.'.!- 
braith’s  thesis'®  to  conclude  that  the 
rise  in  our  material  standard  of  liviiig 
would  indeed  have  been  much  slow;  r, 
had  we  not  concentrated  most  of  cir 
efforts  on  the  job  of  catching  up  wirh 
Europe  in  the  shortest  possible  time  - 
and,  one  must  add  quickly,  had  we  i  ot 
been  so  generously  endowed  w  :h 
natural  resources  for  ready  exploi  i- 
tion! 

No,  we  must  look  elsewhere  for  Ine 
underlying  reasons.  Could  it  be  f  at 
fear  of  a  lumber  famine  for  fut;  re 
generations  has  once  again  taken  h  Id 
and  that  this  accounts  for  the  gre  ,v- 
ing  awareness  of  the  need  for  us  ig 
all  of  the  tree?  This  scare  technit  ue 
has  worked  in  the  past — to  influei.ce 
forestry  practices  as  well  as  the  cou  se 
of  the  conservation  movement.  For  in 
expert  opinion,  I  take  you  to  Monti  ,  al 
last  November  at  the  time  of  the  l,:st 
joint  meeting  of  the  Society  of  Am-  ri- 
can  Foresters  and  the  Canadian  In.-,ti- 
tute  of  Forestry — and  I  quote  fr  mi 
the  theme  address  by  Mr.  R.  A.  Beat- 
ley  on  Trends  in  North  American 
Forestry: 

"The  greatest  change  in  utiliza¬ 
tion  in  the  past  fifty  years  has  been 
the  change  in  the  position  of  ilie 
different  species  in  their  value  and 
use.  In  the  lumber  days  only  a  few 
species  were  used,  and  as  these  be¬ 
came  scarce  the  predictions  of  tim¬ 
ber  famine  came  up  periodically. 
Each  time  the  conservationists  have 
been  confounded  by  industry  switch¬ 
ing  over  to  other  species  previously 
considered  weeds.  As  the  softwood 
species  are  now  predicted  to  be  ap¬ 
proaching  exhaustion,  industry  plays 
the  same  trick  again,  before  the 
shouts  of  disaster  have  really  ,'Ot 
started  in  full  cry  .  .  .  Any  incrc.ise 
in  the  future  use  of  wood  as  lum¬ 
ber  has  a  dim  outlook,  but  the  pulp 
products  will  consume  constardy 
increasing  volumes  produced  at 
lower  costs.  The  quality  of  ha  d- 
woods  for  these  purposes  ...  op  ns 
up  a  whole  new  field  of  util  :a- 
tion.”''* 

A  brief  discussion  of  the  outl- ok 
for  lumber  will  be  given  shortly.  H  rc 
I  should  only  like  to  add  this  to  !  Ir. 
Bentley’s  comments:  those  of  us  v  no 
think  mostly  in  terms  of  the  fo  -St 
tend  to  miss  the  implications  in  mr 
argument  to  the  public  that  timbe.  is 
one  fundamental  source  of  materials 
which  is  renewable.  Note  that  thi  is 
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bting  said  to  a  generation  which 
nii-'ded  the  immense  demands  of  a 
sc-.ond  world  war  to  be  aroused  by 
fears  that  its  exhaustible  resources 
might  soon  play  out!  And  now  what 
do  we  find  happening?  In  the  few 
years  since  1946,  when  fears  of  an 
inij'>ending  shortage  of  strategic  metals 
and  minerals — including  petroleum — 
ran  strong,  an  attitude  close  to  corn- 
pi  tcency  is  once  again  asserting  itself. 
Aiid  this  can  not  be  dismissed  as  sheer 
recklessness  on  the  part  of  an  unin¬ 
formed  public.  The  prediction  that 
oi:r  high-grade  iron  ore  reserves  in  the 
M.sabi  Range  would  be  exhausted  in 
1-i  years  was  authentic  enough  (and 
certainly  well-publicized),  but  the  dis¬ 
covery  of  new  high-grade  ore  de¬ 
posits  in  areas  as  widely  separated  as 
Labrador  and  Venezuela,  coupled  with 
an  unexpectedly  rapid  development  of 
economic  methods  for  beneficiating 
our  own  low-grade  deposits,  have 
changed  the  outlook  almost  overnight. 
Thus  it  appears  that  the  "Mesabi 
Ghost”  is  laid  to  rest  for  another  gen¬ 
eration.  Under  these  conditions,  it 
strikes  me  that  we  would  be  just 
"shouting  in  the  wind”  to  plead  for 
widespread  support  of  a  use-wood- 
was'^e  program  on  the  ground  that  in 
no  other  way  can  our  children  be 
assured  the  timber  and  lumber  they 
need. 

The  Economic  Case  for  Using 
More  Waste 

fortunately,  the  case  for  more  in¬ 
tensive  utilization  of  wood  rests  u}X)n 
a  much  firmer  base.  There  are  a  num¬ 
ber  of  good  economic  reasons  why 
wood  residues  are  coming  more  and 
more  to  be  treated  by  industry  as  im¬ 
portant  raw  materials  in  their  own 
right — and  these  will  be  identified  in 
the  next  and  final  section  of  this 
paper.  Owners  and  managers  of  estab¬ 
lished  forest  industries  may  well  feel 
that  their  investment  gives  them  rea¬ 
son  enough  to  use  these  by-products, 
wherever  practicable,  to  stretch  out 
their  raw  wood  supply — and  so  at  this 
point  they  may  be  inclined  to  ask: 
What  else  do  we  need  to  know?  What 
else  can  be  of  any  concern  to  us  as 
operators  ? 

To  my  way  of  thinking,  we  still 
need  to  know  what  the  general  pub¬ 
lic  will  make  of  the  economic  case  for 
intensifying  the  search  for  new  prod¬ 
ucts  and  new  processes  employing 
wood  waste.  And  we  should  be  con¬ 
cerned  about  whether  these  arguments 
are  strong  enough — that  is,  provide 
the  basic  motivation  required  in  sup- 
por'  of  an  all-out  attack  on  "the  wood 
was'e  problem.”  We  have  seen  that 
neither  a  general  aversion  to  waste  nor 
the  fear  of  a  lumber  shortage  were 
^tre  ig  enough  to  be  depended  upon. 


(Implicit  in  this  whole  line  of  reason¬ 
ing,  of  course  is  the  conviction  that 
public  opinion  in  this  country  is  a 
powerful  agent — for  good  or  evil.) 
The  bid  for  support  on  economic 
grounds  can  be  made  in  the  following 
terms: 

(1)  The  greater  use  of  wood  resi¬ 
dues  would  have  the  effect 
of  bringing  down  the  prices 
of  primary  products  —  either 
through  direct  competition  of 
substitutes  made  from  the  by¬ 
products,  or  through  processors 
and  stumpage  owners  passing 
on  some  of  the  benefits  in  or¬ 
der  to  expand  their  markets. 

(2)  The  greater  use  of  wood  resi¬ 
dues  would  have  the  effect  of 
creating  more  wealth  and  use¬ 
ful  employment — through  ex¬ 
pansion  of  the  total  production 
of  goods  and  through  more  in¬ 
tensive  management  of  the  for¬ 
est  —  without  increasing  the 
commodity  drain  on  the  forest. 

There  probably  is  little  doubt  that, 
given  a  choice,  the  forest  industries 
as  a  whole  would  elect  for  proposition 
(2).  The  first  statement  does  seem  to 
ask  the  lumber  industry  (to  name  the 
largest  party  at  interest)  to  go  into 
competition  with  itself  and  reduce  its 
own  prices  in  the  bargain.  But  there 
actually  is  no  open  choice  in  the  mat¬ 
ter  and  (1)  as  stated  would  not  seem 
unreasonable  to  consumers  and  the 
general  public.  Certainly  not  at  a  time 
when  many  lumber  items  are  selling 
at  prices  three  times  what  they  were 
before  the  war,  and  not  so  long  as 
there  is  the  slightest  reason  for  believ¬ 
ing  that  a  part  of  the  high  price  of 
lumber  goes  to  pay  for  avoidable  waste 
in  processing!  The  lumber  industry, 
much  as  it  might  like  to,  cannot  reject 
proposition  (1)  out  of  hand.  If  they 
should  even  appear  to  do  so,  only  one- 
interpretation  could  logically  be  placed 
on  such  a  reaction:  lumber  operators, 
besides  showing  a  natural  reluctance 
to  having  their  product  prices  reduced, 
must  feel  that  waste  materials  cannot 
go  to  market  in  any  great  volume  ex¬ 
cept  by  displacing  lumber  and  other 
main  products  on  a  price  basis. 

Wherever  we  turn  in  the  residue- 
utilization  picture,  we  meet  the  .shadow 
of  lumber’s  decline  in  all  major  mar¬ 
kets  the  past  quarter-century  or  more. 
(To  many  in  the  industry,  shadow  is 
scarcely  the  word — substance  would 
be  more  like  it.)  A  qualified  spokes¬ 
man  for  the  industry  was  unsparing 
in  his  indictment  when  he  analysed 
the  case  for  this  Society  three  years 
ago.  I  refer  to  the  paper  presented  by 
Mr.  Frank  J.  Hanrahan,  Chief  En¬ 
gineer  of  the  National  Lumber  Manu¬ 


facturers’  Association.  In  his  report^^, 
Mr.  Hanrahan  saw  no  letup  in  the 
pressure  to  be  expected  from  competi¬ 
tive  materials  and  constructions  (which 
had,  as  he  noted,  cut  lumber’s  per 
capita  consumption  by  more  than  half 
from  1909  to  1949 — i.e.  from  477  bd. 
ft.  to  224  bd.  ft.)  On  the  contrary, 
he  saw  a  continuation  of  the  "technical 
advancement  and  development  in  mate¬ 
rial  and  design  (of  competitive  mate¬ 
rials)  further  reducing  their  cost  of 
manufacture  and  use.”  His  investiga¬ 
tions  led  him  to  conclude  that  "with 
the  exception  of  railroad  ties,  lumber 
is  losing  ground  in  practically  every 
specific  lumber  use.  Many  lumber  mar¬ 
kets  have  disappeared  entirely.  Others 
are  going  rapidly  .  .  .  Expanding  lum¬ 
ber  markets  are  rare.”  Why?  Not  be¬ 
cause  wood  no  longer  can  claim  having 
"more  desirable  properties  for  most 
uses  than  any  other  material.”  But  . 
rather,  as  he  put  it,  that  research,  cost- 
reductions  in  the  application  of  wood, 
aggressive  merchandising,  etc.  had 
been  sorely  neglected. 

There  are  other  factors  equally  well 
known  to  you  to  explain  the  past  in¬ 
roads  made  on  lumber’s  markets.  And 
this  is  not  the  time  or  place  to  go  fur¬ 
ther  in  an  attempt  to  test  Mr.  Bent¬ 
ley’s  prophecy’**  that  the  softwood 
sawtimber  deficits  now  showing  in 
official  forecasts  (Forest  Service  Re¬ 
appraisal  Reports  of  1946)  will  be 
overturned  by  a  switch  to  hardwoods. 
It  is  relevant  to  our  purpose  to  note, 
though,  that  competition  from  wood 
residue  products  received  scarcely  a 
mention  in  Mr.  Hanrahan’s  account. 
Indeed,  to  make  any  case  here  at  all, 
one  would  have  to  pick  up  Louis 
Stevenson’s  clue  (that  the  pulp  and 
paper  industry  lives  on  wood  dis¬ 
carded  by  the  lumber  industry®)  and 
go  on  from  there  to  prove  that  paper 
and  paperboard  didn’t  really  open  up 
many  new  markets  for  wood — but,  for 
the  most  part,  served  lumber’s  old 
ones. 

Wood  Residues  in  the  Balance 

We  have  examined  the  residue- 
utilization  picture  from  .several  angles. 
Our  first  concern  was  with  the  pro¬ 
fessional  groups  who  have  contributed 
the  technical  guidance,  and  how  their 
goals  may  differ.  We  then  inquired 
into  the  basic  motives  which  might 
induce  the  general  public  to  support  a 
long-range  program  for  putting  more- 
wood  waste  to  use.  Finally,  we-  stated 
the-  terms  in  which  the  economic  case- 
tor  their  greater  utilization  must  be- 
made.  Of  our  original  questions  one 
remains,  and  it  is  crucial:  Do  the 
economic  forces  at  work  strike  a  bal¬ 
ance  favorable  to  a  growing  use  of 
these  residues? 
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A  number  of  starting  points  sug¬ 
gest  themselves.  The  decline  in  lum¬ 
ber’s  importance  is  one  that  seems 
singularly  appropriate.  As  a  working 
premise,  we  need  only  assume  that 
wood  waste  would  be  strongly  affected, 
on  its  supply  side  at  least,  by  the  out¬ 
look  for  lumber  (since  a  large  part 
of  the  waste  is  attributable  to  the  still 
common  practice  of  logging-for- 
lumber) — and  there  may  be  an  inter¬ 
relationship  on  the  demand  side  as 
well. 

The  prospects  for  basic  materials 
and  resources  during  the  period,  1950- 
1975,  were  carefully  analysed  in  the 
report  submitted  last  year  by  the 
President’s  Materials  Policy  Commis¬ 
sion  (the  so-called  Paley  Commis¬ 
sion),  In  this  analysis  a  doubling  of 
the  nation’s  aggregate  output  of  goods 
and  services  in  real  terms,  i.e.  in  dol¬ 
lars  of  constant  purchasing  power,  was 
projected.  This  is  equivalent  to  an  av¬ 
erage  growth  rate  of  3%  per  year 
over  the  25  years.  Since  services  re¬ 
quiring  no  additional  material  were 
expected  to  account  for  an  increasing 
proportion  of  the  grand  total,  it  was 
found  that  the  country’s  requirements 
for  most  materials  would  be  met  in 
1975  with  supplies  at  levels  50-90% 
above  the  1950  level.  The  needs  for 
paper  and  paperboard  were  among 
those  tentatively  placed  at  50%  above 
the  1950  level.  But  the  Commission 
could  see  for  lumber  only  a  nominal 
increase  of  10%  by  the  end  of  this 
25  year  period,  which  amounts  to  a 
growth  rate  of  about  %  of  1%  per 
year.  As  population,  meanwhile,  was 
expected  to  continue  growing  through 
the  period  at  a  rate  approximating  1% 
annually,  it  can  be  seen  that  the  curve 
for  lumber’s  per  capita  consumption  is 
destined,  by  this  report,  to  fall  even 
further. 

Does  a  levelling  off  in  the  demand 
for  lumber  mean  that  wood  residues 
also  have  a  poor  prospect  for  growth 
in  market  demand  the  next  25  years? 
Not  necessarily.  Certain  economic  fac¬ 
tors  seem  likely  to  be  working  in  their 
favor  and  to  the  possible  disadvantage 
of  conventional  materials — namely: 

(a)  Declining  supplies  of  accessible 
timber  of  good  quality 

(b)  Strong  market  demand  for 
materials  generally 

(c)  Rising  stumpage  prices  for 
round  wood 

(d)  High  labor  cost  inputs  in 
processing  standard  items  (e.g. 
lumber) 

(e)  Technological  development  of 
new  harvesting  and  processing 
equipment 

Whether  residues  will  be  able  to 
capitalize  on  these  advantages  remains 
to  be  seen.  Obviously,  residues  will 


only  be  used  in  volume  when  they  are 
cheaper  than  conventional  material 
(e.g.  round  wood),  pass  the  minimum 
standard  in  quality,  and  are  "obtain¬ 
able  in  reasonably  sustained  and  suffi¬ 
cient  quantities  to  justify  the  capital 
investment  in  handling,  barking  or 
other  necessary  equipment  for  final 
conversion.’’  The  portion  in  quotes  is 
from  R.  N.  Hammond  of  Weyer¬ 
haeuser  in  the  account  he  has  given 
of  the  way  prepared  chips  (from  mill 
residues  and  salvage  logging)  met 
these  tests  and  now  supply  the  new 
West  Coast  kraft  pulp  industry  with 
most  of  its  raw  stock.  There  would 
have  been  no  such  success  story  to 
write  in  the  books  for  residues,  how¬ 
ever,  had  hydraulic  barkers  not  been 
developed  which  could  be  used  ahead 
of  the  mills,  thereby  increasing  the 
yield  of  usable,  bark-free  chips  by  as 
much  as  73%.^ 

Technology  could  well  decide  the 
issue  for  residues.  If  the  wave  of  in¬ 
novations  which  began  just  a  few  years 
ago  should  end  shortly,  the  prospects 
for  residues  would  be  seriously 
affected.  But  such  an  event  seems  un¬ 
likely;  indeed,  as  Prof.  Slichter  pointed 
out  the  other  day,  "the  importance  of 
technological  discovery  as  a  deter¬ 
minant  of  the  demand  for  investment 
goods  is  a  unique  characteristic  of  the 
American  economy  .  .  .  fairly  recently 
acquired  .  .  .  and  gives  us  reason  to 
believe  'We  can  have  peace  and  pros¬ 
perity’. This  much  is  certain:  resi¬ 
dues  still  pose  a  real  challenge  to 
technology.  Labor  costs  involved  in 
handling  the  wood,  transportation  and 
concentration  costs  remain  as  practical 
limi'^ations  which  combine  to  restrict 
their  use — all  much  as  Dean  Garratt 
noted  four  years  ago.^”  Residues  face 
another  handicap,  less  tangible  but 
nonetheless  real,  and  that  is  what 
might  be  termed  "the  poor  substitute 
complex.”  However,  by-products  in 
the  pe*^roleum  and  chemical  industries 
have  shown  time  and  again  that  this 
can  be  overcome,  and  wood  flour  is 
an  example  of  a  forest  by-product 
whose  quality,  as  well  as  price,  has 
caused  it  to  be  preferred  over  com¬ 
petitive  materials. 

The  sort  of  collaboration  required 
for  success  in  this  search  for  more 
ways  to  use  "waste”  economically  is 
very  well  exemplified,  it  seems  to  me, 
in  a  venture  going  forward  today  right 
here  in  Maine.  I  have  in  mind  the 
Great  Northern  Paper  Company’s 
project  for  introducing  hardwoods  into 
the  manufacture  of  newsprint  through 
the  medium  of  the  chemigroundwood 
process.  Here  we  have  a  new  process 
developed  since  the  war  by  university 
professors  in  the  laboratory  (Profes¬ 
sors  Libby  and  O’Neill  at  New  York 
State  College  of  Forestry).  The  funds 


were  supplied  by  industry  as  part  of 
a  research  program  to  find  a  way  to 
counter  the  rapid  depletion  of  conif¬ 
erous  wood  in  New  York.-*^  The  new 
findings  were  immediately  made 
known  through  technical  bulletins  and 
articles.  A  company  now  comes 
forward,  able  and  willing  to  stake  $30 
million  for  large-scale  commercial 
production  on  a  process  that  had  not 
gone  beyond  pilot-plant  stage.  The 
hardwoods  to  be  used  can  only  ’oe 
classed  as  residues  under  the  extended 
definition  (page  8),  since  they  h.ve 
until  now  lacked  any  commercial  ap¬ 
peal.  And  the  final  result  can  scarcely 
fail  to  enlist  the  approval  of  forest.:  rs, 
chemists,  engineers  and  econoi  ist 
alike:  with  no  increase  in  the  com¬ 
modity  drain  on  the  forest,  the 
total  of  useful  goods  will  be  expan. led 
—probably  at  a  saving  in  power  md 
other  real  costs. 

I  can  think  of  no  more  fitting  i.ote 
on  which  to  close.  For  this  paper,  as 
you  can  see,  has  been  made  up  caly 
in  part  of  description  and  analysis.  For 
the  remainder,  I  had  to  choose  be¬ 
tween  skepticism  and  affirmatiot.  of 
faith.  The  late  Justice  Holmes,  at  the 
age  of  83,  wrote  a  Chinese  law  student 
a  few  words  of  advice  that  might  have 
been  directed  equally  well  to  a  research 
worker  in  the  field  of  wood  residues: 
"HAVE  FAITH  and  pursue  the  un¬ 
known  end.” 
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^  ood  Chips  from  Sawmill  and  Veneer  Plant  Residues' 


Development  of  paper  and  paper  product  business  based  largely 
on  purchase  of  raw  material  from  sawmills  and  veneer  plants  is  de¬ 
scribed.  Author  gives  details  of  purchase,  handling,  transportation 
and  control  of  quality  of  chips.  Labor  costs  and  investment  in  equip¬ 
ment  and  transportation  facilities  are  indicated.  It  is  pointed  out  that 
whole  log  barking  will  in  most  cases  double  the  amount  of  chips 
available. 


The  LONGVIEW  FIBRE  COMPANY 
occupies  a  160  acre  waterfront 
site  on  the  Columbia  River  near  the 
city  of  Longview,  Washington.  Two 
of  the  primary  reasons  for  this  particu¬ 
lar  location  were  the  availability  of  an 
ample  water  supply  and  the  vast 
quantity  of  suitable  sawmill  residues, 
which,  in  1926,  was  being  burned  at 
nearby  sawmills. 

A  container  board  machine  designed 
for  a  capacity  of  100  tons  per  day 
commenced  production  in  1927.  A 
steady  growth  during  the  past  26 
years  has  resulted  in  the  mill  now 
producing  daily  on  6  machines  ap¬ 
proximately  700  tons  of  products  con¬ 
sisting  of  container  board,  bleached 
and  unbleached  kraft  paper  and  con¬ 
verted  paper  products  such  as  bags, 
towels,  asphalt  laminated,  creped  and 
treated  papers  and  from  the  container 
board,  solid  and  corrugated  shipping 
containers.  In  addition  to  the  container 
manufacturing  facilities  at  Longview, 
the  company  manufactures  containers 
at  plants  in  Oakland  and  Los  Ange¬ 
les,  California,  and  also  at  the  wholly 
owned  subsidiary.  General  Fibre  Box 
Company,  Springfield,  Massachusetts. 

The  shipping  containers  are  sold  by 
our  own  sales  organization  along  the 
Pacific  Coast.  Paper  and  converted 
paper  products  are  distributed  through 
paper  jobbers  throughout  the  area 
west  of  the  Continental  Divide. 

The  sources  of  wood  to  produce 
these  700  tons  per  day  of  product 
can  be  divided  into  the  following 
classifications:  sawmill  and  veneer 
plant  residue,  timber  salvage,  farmer 
wood  lot,  logs  purchased  on  the  open 
market  and  our  own  timber  lands. 
This  discussion  will  be  limited  to 
chips  produced  from  sawmill  and  ve¬ 
neer  plant  residues  which  at  the  pres¬ 
ent  'ime  account  for  approximately  75 
pert  nt  of  our  wood  requirements. 
Prio  to  this  utilization  program  such 

*  I  -sented  at  meeting  of  the  Forest  Prod- 
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residues  were  burned.  It  requires  ap¬ 
proximately  two  200-cubic-foot  units 
of  chips  to  produce  enough  cellulose 
fibre  to  manufacture  one  ton  of  pulp. 

If  all  of  these  chips  produced  from 
mill  residues  were  loaded  in  20-unit 
rail  cars,  they  would  fill  53  cars  per 
day,  1600  cars  per  month,  or  approxi¬ 
mately  20,000  carloads  per  year,  which 
if  placed  in  one  train  would  be  190 
miles  in  length. 

At  the  present  time  we  have  29  con¬ 
tract  chip  suppliers  of  which  15  are  ve¬ 
neer  and/or  plywood  plants  and  14 
are  sawmills. 

There  are  several  considerations  in¬ 
volved  when  a  source  of  chips  is  po¬ 
tentially  available.  The  anticipated 
life  of  the  mill  must  be  sufficient  to 
justify  the  expenditure  of  funds  for  a 
chipper  installation  and  the  accom¬ 
panying  conveyors  to  place  chips  in  the 
rail  car  or  motor  truck. 

The  cost  of  transporting  from  point 
of  origin  to  Longview  is  very  impor¬ 
tant  since  a  high  freight  cost  per  unit 
could  make  the  delivered  cost  in  Long¬ 
view  too  costly.  If  the  aforementioned 
factors  meet  the  requirements,  it  is 
then  necessary  to  perform  an  actual 
wood  survey  at  the  mill.  In  the  case 
of  a  sawmill,  a  wood  survey  team  of 
two  men  visits  the  mill  and  calculates 
the  amount  of  wood  suitable  for  chips 
that  is  presently  being  sent  to  the 
burner  or  hog.  After  this  survey  is 
completed,  the  gross  revenue  from  the 
quantity  of  chips  to  be  produced  is 
calculated. 

It  is  difficult  to  generalize  as  to  the 
total  installed  cost  of  a  chipper  at  a 
sawmill  since  each  installation  varies. 
The  cost  of  equipment  with  a  250 
horsepower  synchronous  motor,  plus  a 
suitable  screen,  costs  approximately 
twenty  five  thousand  dollars.  A  con¬ 
siderable  expense  is  often  encountered 
in  moving  the  wood  to  the  chipper, 
and  the  chips  from  the  screen  to  load¬ 
ing  facility.  These  costs  vary  from  a 
low  of  a  few  thousand  dollars  to  as 


much  as  thirty  thousand  dollars.  At  a 
typical  sawmill  producing  approxi¬ 
mately  30  units  or  chips  per  day,  two 
men  can  generally  remove  from  the 
waste  conveyor  enough  suitable  wood 
for  the  30  units,  and  one  additional 
man  can  handle  the  chip  loading  and 
other  miscellaneous  duties  in  connec¬ 
tion  with  conveyors,  motors  and  acces¬ 
sorial  equipment. 

A  Summer  Veneer  Chipper  op¬ 
erating  with  50  horsepower  costs  ap¬ 
proximately  ten  thousand  dollars,  and 
a  screen  for  this  type  of  chipper  will 
cost  from  fifteen  hundred  to  forty  five 
hundred  dollars.  It  has  been  our  ex¬ 
perience  that  one  man  can  operate  the 
veneer  chipper  and  something  less 
than  a  second  man  can  handle  chip 
loading  and  miscellaneous  mainte¬ 
nance  on  motors  and  conveyors. 

Approximately  85  percent  of  the 
chips  produced  at  these  twenty-nine 
mills  are  transported  to  Longview  via 
specially  equipped  and  assigned  rail¬ 
road  cars.  We  have  developed  two 
particular  types  of  equipment,  namely 
the  full  drop  bottom  gondola  car 
with  wooden  sides  extended  above  the 
standard  gondola  so  as  to  obtain  an 
inside  height  of  approximately  10  feet. 
These  gondolas  are  equipped  with  a 
special  rake  or  plow  made  of  a  6-inch 
angle  iron  which  lies  on  the  floor  and 
is  pulled  lengthwise  to  assist  in  un¬ 
loading.  The  other  type  is  a  50-foot 
automobile  car  without  top.  These  cars 
have  a  slope  sheet  in  each  end  and 
nine  doors  cut  in  each  side.  The  auto¬ 
mobile  car  is  divided  into  three  com¬ 
partments,  each  of  which  has  a  plow 
or  rake  made  of  a  6- inch  angle  iron 
on  the  floor.  Each  rake  is  moved  across 
the  car  to  assist  in  the  removal  of 
chips.  At  the  present  time  the  Long¬ 
view  Fibre  Company  has  in  service 
approximately  365  of  these  specially 
equipped  cars  supplied  by  five  differ¬ 
ent  rail  carriers.  The  rail  carriers  have 
assigned  these  cars  to  our  service,  and 
they  will  remain  in  our  service  as  long 
as  we  utilize  them.  The  cost  of  ex- 
^  tending  the  sides  of  the  gondola  cars 
plus  the  rake  or  plow  averages  about 
$500.00  per  car.  The  removal  of  the 
roof  from  the  boxcar,  installation  of 
slope  sheets  in  each  end,  bulkheads, 
cutting  the  9  doors  in  each  side  plus 
the  unloading  device  averages  about 
(Continued  on  page  93) 
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Development  of  various  kinds  of  finishing  materials  are  related, 
along  with  strong  points  and  weaknesses  of  each.  In  addition  to  cur¬ 
rent  use  of  lacquers  and  synthetics  grain  reproduction  as  part  of  the 
finishing  process  is  described. 


The  finish  formulator  in  the 
early  1920’s  had  a  comparatively 
narrow  field  of  study — comparative,  of 
course,  to  that  of  the  graduate  chemist 
or  formulator  of  today,  who  is  con¬ 
fronted  with  a  myriad  of  new  raw  ma¬ 
terials.  With  specific  reference  to  wood 
finishes  the  1920  formulator’s  field 
comprised  with  minor  exceptions  water 
soluble,  spirt  soluble,  and  oil  soluble- 
body  stains,  linseed  oil  based  fillers, 
shellac  base  wash  coats,  varnish  type 
pigmented  sealers,  japan  colors  as 
shading  or  uniforming  stains,  fossil 
resin  linseed  short  oil  varnishes,  and 
the  then  new  water  resistant  varnishes 
made  with  glycerine  esterified  rosin 
and  china  wood  oil. 

This  relatively  simple  catalog  of  raw- 
materials  constantly  kept  the  wood 
finishes  manufacturer  in  a  good  supply 
of  headaches.  Stains,  if  not  of  the  best 
water  soluble  type,  w-ere  either  fugi¬ 
tive  (faders)  or  bleeders,  (they  pene¬ 
trated  into  the  top  coats).  Fillers  filled 
well,  but  settled  hard,  skinned  and 
hardened  in  the  container,  and  the 
weather  (usually  damp  or  rainy  pe¬ 
riods)  was  blamed  w'hen  poor  drying 
puffing,  greening,  and  gray  pores  re¬ 
sulted.  In  fact,  many  of  the  faults 
were  tolerated  because  they  were  not 
recognized  as  such.  Shellac  sealers  and 
wash  coats  gave  very  little  trouble  in 
application  as  long  as  the  weather  was 
dry.  but  certainly  did  not  augment 
scratch  and  water  resistance  of  the 
finish.  Pigmented  japan  colors,  used  as 
shading  stains  w'ere  wonderful  for' 
high  lighting,  but  were  also  bad  actors 
in  pcxjr  drying  weather. 

As  time  went  on  the  demand  for 
faster  finishing,  more  durable  coatings, 
and  better  clarity  dictated  the  trend. 
The  first  step  in  speed  up  w-as  ob¬ 
tained  by  curtaining  off  sections  of  the 
finish  room  and  installation  of  heating 
coils  to  dry  the  varnish.  Gradually 
the  heated  area  w-as  extended  to  in¬ 
clude  drying  of  all  items  involved  in 
finishing.  Finally  conveyor  systems  car¬ 
rying  the  goods  into  the  spray  booths 
and  thence  to  the  ovens  w-ere  adopted. 

'  Prcsenti-il  to  Oliio  Vjllcv  Section  FHRS, 
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The  material  improvements  can  be 
catalogued  as  follows: 

Stains  of  the  water  soluble  type 
(best  for  permanency  and  non-bleed¬ 
ing)  were  converted  to  N.G.R.,  or 
non-grain  raising  type  by  solution  in 
selected  solvents  instead  of  water.  This 
eliminated  the  hours  of  drying  time 
reejuired  to  dispel  the  water  absorbed 
by  the  wood.  Next,  shellac  w'as  re¬ 
placed  by  lacquer-type  wash  coats. 
These  lacquer  wash  coats,  sprayed  on 
over  body  stain,  were  compounded  in 
such  a  manner  that: 

1.  Unruly  wood  fibres  are  c]uickly 
stiffened  and  rendered  easy  to 
sand  off. 

2.  They  also  seal  off  the  body  stain 
so  as  not  to  disturb  it  while  the 
filler  is  being  padded  and  wiped. 

3.  They  make  it  easier  to  wipe  the 
filler,  all  of  which  results  in  a 
cleaner,  clearer  and  better  filled 
finish. 

Some  finishing  shops  have  carried  over 
the  old  custom  of  making  their  own 
wash  coats,  by  reducing  lacquer  sealer 
with  thinner.  This  practice  emanated 
from  expedience  and  does  not  produce- 
results  equivalent  to  that  derived  from 
properly  formulated  lacquer  wash 
coats.  The  fast  solvent  release,  thc- 
freedom  from  zinc  stearate,  and  resins 
are  all  factors  involved  in  properly- 
formulated  wash  coats. 

Fillers  were  gradually  developed  to 
eliminate  poor  drying  results,  graying 
in  the  pore,  greening  over  large  areas, 
swelling  or  puffing,  and  its  aftermath 
shrinkage.  They  have  been  so  formu¬ 
lated  that  settling  is  controlled,  and 
wiping  made  considerably  easier.  Even 
with  these  improvements  it  was  not 
uncommon  to  encounter  bubbling  or 
pin  holing  of  the  top  coats,  especially 
on  certain  types  of  mahogany  and  oc¬ 
casionally  on  walnut  and  oak.  Inten¬ 
sive  work  on  filler  formulation  eventu¬ 
ally  eliminated  the  bubbling  bugaboo. 

In  more  recent  years  speed  up  and 
costs  savings  have  been  achieved  by- 
development  of  a  combination  of  stain 
and  filler,  with  the  complete  elimina¬ 
tion  of  wash  coats.  There  is  now  on 


the  market  combination  stain  and  filler 
which  produces  far  more  uniform  re¬ 
sults  than  where  the  human  elem.nt 
controls  the  amount  of  body  st.un, 
wash  coat,  and  filler  applied  in  ir.Ji- 
vidual  steps.  The  advent  of  new  sol¬ 
vents  rendering  stain  solutions  chiti- 
patible  with  the  petroleum  solvents 
commonly  used  to  reduce  filler  las 
made  this  new  type  of  combinal.on 
stain  and  filler  a  commercial  suc»  ss. 

I  might  point  out  that  the  si.iin 
powders  used  in  these  solutions  irc- 
che  same  as  used  in  the  standard  r on- 
grain  raising  type,  and  are  not  of  ,hc- 
oil  type,  (bleeders  and  fugitive)  wl  ich 
are  easily  miscible  with  the  hydri.  ar- 
bon  solvents  used  with  filler. 

After  filling  it  is  customary  to  aj  ply 
a  sealer.  Today  most  sealers  contain  a 
stearated  pigment  to  permit  easy  s.:  id 
ing.  This  type  of  pigment  will  gradu¬ 
ally  go  into  solution  with  elev.ited 
temperature,  and  for  this  reason,  seal¬ 
ers  cannot  be  included  in  the  cLiss 
known  as  "hot  lacquers.” 

By  1925  lacquers  were  on  the  mar¬ 
ket  as  a  solution  to  the  slow  dry  of 
varnishes.  Prior  to  that  certain  rubbing 
varnishes  gave  beautiful  depth  or  full¬ 
ness,  especially  on  pianos,  but  to 
achieve  good  results  each  piece  was  in 
the  finish  room  about  one  month.  At 
that  time  lacquers  for  wood  were  com¬ 
pounded  primarily  with  nitro-cellulose, 
resins,  oil,  chemical  plasticizers,  plus 
solvents.  The  resin  portion  usually- 
consisted  of  shellac,  dewaxed  daniar, 
or  ester  gum.  Later,  when  maleic  res¬ 
ins  came  on  the  market,  and  zinc 
stearate  was  introduced,  lacquers  wc-rc- 
firmly  entrenched  in  the  wood  finish¬ 
ing  industry.  Not  only  did  lacquers 
rub  up  clearer  than  varnish,  but  it  was 
easier  to  patch  and  repair.  The  onc- 
criticism  was  its  low  solids  and  high 
price.  In  the  early  days,  the  paient 
situation  in  regard  to  the  use  of  low- 
viscosity  nitro-cellulose  seemed  to  re¬ 
tard  rather  than  spur  the  developn  cnt 
of  durable  wood  lacquers.  The  j  ast 
twenty  years  have  been  replete  v  ith 
the  introduction  of  higher  solids  ac- 
quers,  which  usually  were  lormul.  c-d 
at  the  sacrifice  of  one  or  more  des  ra- 
ble  properties. 

Good  quality  clear_  lacquer  systc  iiis, 
including  a  sealer  and  two  coats  of 
lacquer,  will  pass  the  RTMA  cold 
check  and  print  resistance  tests  wh  le 
maintaining  other  necessary  properti  s. 
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siuh  as  adhesion,  clarity,  non-shrink- 

and  mar  resistance.  We  have  ob- 
sn  >ed  that  the  sealers  and  lacquers 
tint  meet  these  requirements  usually 
raiige  between  20  and  23  percent  sol- 
jciv  One  approach  to  increasing  the 
su!ids  of  the  top  coat  clear  lacquers 
li..,  been  "hot  lacquers”.  "Hot  Lac- 
cjiicrs”  are  lacquers  containing  higher 
sends  (approximately  33  percent), 
\\!iich  was  so  compounded  that  the  vis- 
t^.^lty  can  be  lowered  to  spray  body 
h\  heating  to  about  160°  Fahrenheit. 
The  heating  units  required  to  warm 
tluse  lacquers  at  first  could  not  de¬ 
liver  sufficient  volume  per  minute  at 
tlu  gun  to  speed  up  production.  How- 
enr,  there  are  some  units  today  that 
can  deliver  20  fluid  ounces  per  minute, 
which  is  considered  sufficient  for  an 
average  conveyor  speed  of  ten  lineal 
feet  per  minute. 

Where  forced  drying  ovens  arc- 
available,  the  natural  trend  in  clear  top 
coats  has  been  to  synthetic  coatings. 
Some  cynics  complain  we  are  back  to 
the  olci  problems  of  varnish,  when 
synthetics  are  involved,  but  this  is  not 
so.  It  is  true  most  synthetics  cannot 
be  patched  in  the  same  manner  as  lac¬ 
quer,  but  it  is  possible  to  sand  down 
repair  areas,  touch  up  with  color, 
"burn-in”  with  shellac  sticks  and  then 
respray  the  entire  surface.  One  of  the 
important  advantages  of  synthetics  is 
their  excellent  build.  Not  only  are 
they  double  the  solids  of  cold  lacquers, 
but  the  fact  that  synthetics  do  not  re¬ 
dissolve  sealers  as  lacquers  do,  adds 
greatly  to  the  apparent  hold  out. 

Top  Coats 

There  are  a  variety  of  types  of  syn¬ 
thetic  top  coats  available.  Those  in  the 
alkyd  and  modified  alkyd  class  are 
difficult  to  cure  in  the  short  baking 
schedule  fixed  by  conveyor  systems. 
Against  their  one  advantage  of  higher 
solid  content  than  lacquer  they  have 
the  following  faults: 

1.  Are  not  100  percent  suited  to 
rubbing  and  polishing. 

2.  Have  a  tendency  to  be  self-lifting 
when  re-coated. 

3.  Are  not  always  pale  enough  ini¬ 
tially  or  after  aging  to  be  used 
on  blond  work. 

4  Have  the  bad  habit  of  showing 
print  marks. 

In  the  modified  urea  formaldehyde 
class  of  synthetics,  many  of  the  objec¬ 
tionable  features  of  the  alkyd  synthet¬ 
ics  hive  been  overcome.  This  type  of 
syntlictic  still  has  high  solids,  com¬ 
pared  to  lacquer,  and  possesses  the  fol¬ 
lowing  advantages  over  the  alkyd 
synthetics: 


1.  Are  not  self-lifting. 

2.  Are  very  pale  and  stay  pale. 

3.  Cut  dow'n  relatively  easy  w'hen 
sanded  and  rubbed. 

4.  Have  high  print  resistance  after 
force  drying  one  hour  at  135  ° 
Fahrenheit  with  35  percent  to  40 
percent  relative  humidity. 

5.  Will  go  eighteen  standard  cold 
check  cycles  without  failure. 

Some  of  the  coatings  in  this  class 
after  conversion  are  unaffected  by 
finger  nail  lacquer  remover,  moderate 
acid  or  caustic  solutions,  acetone,  alco¬ 
hol,  many  medicinal  stains  and  hot 
dishes.  In  the  past,  resistance  such  as 
this  has  been  found  primarily  in  phe¬ 
nolic  coatings  requiring  such  high  cur¬ 
ing  temperatures  that  their  use  on 
wood  was  limited.  Phenolics  also  tend 
to  yellow  and  darken  so  badly  that 
their  use  on  wood  is  at  a  minimum. 

There  are  catalyzed  synthetics  which 
will  air  dry  over  night  sufficiently  to 
rub  and  polish  or  pack  for  shipment. 
It  requires  about  two  weeks  aging  for 
these  films  to  gradually  convert  to  the 
point  where  most  of  the  physical  at¬ 
tributes  equal  that  of  the  baked  film. 

Some  synthetics  arc  modified  with 
plastics  such  as  styrene,  chlorinated 
rubber,  vinyl,  and  epichlorhydrin  base 
resins.  Each  fulfills  some  specific  re¬ 
quirement  in  finishing,  and  may  be  the 
forerunner  of  an  entirely  new-  develop¬ 
ment  during  the  next  decade. 

There  is  a  definite  trend  to  pre-finish 
plywood  panels.  Beautiful  color  ef¬ 
fects  have  been  achieved  in  completely 
finished  panels  16x96  in.  with  clear 
lacquer  top  coats  sanded  and  buffed 
to  a  rich  patina.  Other  panels  are  be¬ 
ing  pre-finished  in  standard  4'x8'  size 
with  stains,  fillers,  and  synthetic  top 
coats.  Although  these  panels  are  now 
being  funneled  into  the  wall  panel 
field,  it  is  not  too  difficult  to  visualize 
their  being  cut  down  to  dimension 
stock  for  furniture.  The  finish  is  not 
affected  by  sawing,  or  beveling  edges, 
and  is  highly  resistant  to  scratching. 
Incidently,  tests  on  susceptibility  to 
burning  indicate  considerable  advan¬ 
tage  in  the  urea  type  synthetics  finish 
versus  nitro-cellulose  lacquer  finish. 

Grain  Reproduction 

An  effort  to  utilize  cheaper  grades 
of  wood,  unselected  for  color,  has  re¬ 
sulted  in  an  increased  interest  in  grain 
reproduction  equipment.  Years  ago 
grain  printing  was  accomplished  by 
hand  operated  cumbersome  offset 
equipment.  First  a  base  coat  of  the  de¬ 
sired  color  was  applied,  next  the  ink 
grain,  followed  by  clear  top  coats. 
The  very  nature  of  the  process  made 


it  appeal  to  the  producers  of  the 
cheapest  grade  of  furniture.  They  cut 
corners,  adopted  direct  printing  and 
went  so  far  as  to  mechanize  the  equip¬ 
ment  for  mass  production.  Naturally 
this  means  a  sacrifice  in  faithfulness 
of  the  grain  reproduction.  As  compe¬ 
tition  increased  it  was  necessary  to 
improve  the  results.  This  brought 
about  the  mechanization  of  offset 
printing  equipment.  Both  the  off-set 
and  the  direct  printing  machines  were 
originally  suitable  only  for  printing 
flat  pieces  before  the  furniture  is 
assembled. 

Machine  Types 

Today  there  are  two  types  of  ma¬ 
chines  on  the  market,  namely,  the  ver¬ 
tical  and  horizontal,  that  can  print  on 
ready  assembled  cabinets  that  are  prop¬ 
erly  designed  for  this  purpose.  The 
objection  to  the  vertical  machine  is 
that  the  pressure  is  greater  at  the  base 
than  it  is  at  the  top  and  usually  has 
to  be  augmented  by  manual  treatment 
which  isn’t  always  accurate.  Also  there 
is  the  tendency  of  the  composition  rolls 
to  sag,  particularly  in  hot  weather.  The 
horizontal  machine  is  much  more  fool 
proof,  much  less  expensive  to  pur¬ 
chase  originally,  and  requires  less  up¬ 
keep.  It  can  be  used  for  assembled 
square  cabinets  and  has  a  particular 
advantage  over  the  vertical  machine 
in  that  it  easily  prints  the  wrap  around 
type,  including  molded  or  rounded 
corners.  In  addition  it  w'ill  do  built- 
up  plywood  panels,  flat  panels,  and 
all  types  of  edge  and  instrument  pan¬ 
els,  as  encountered  on  TV  cabinets. 
Needless  to  say,  the  resulting  work 
usually  is  so  accurate  that  the  average 
layman  cannot  distinguish  the  printed 
wood  from  the  real  "Me  Coy." 

Special  Base  Coats 

Another  process  to  utilize  unsclect 
color  woods  involves  applying  special 
base  coats  which  will  reproduce  the 
underlying  grain  when  blasted  with 
dry  colored  pigments  suspended  in  a 
carrier  of  fine  metal  or  some  other 
media.  This  is  a  patented  process,  and 
is  expected  to  go  into  production  in 
certain  plants  finishing  hollow  core- 
doors,  plywood  panels,  and  suitably  de¬ 
signed  furniture. 

In  summation  w-e  can  say  the  trend 
is  tow'ards  streamlining  finishing  steps, 
to  the  development  of  tougher  and 
more  resistant  top  coatings,  and  to  the 
greater  control  of  the  factors  influenc¬ 
ing  the  dry  and  conversion  of  film 
forming  compositions.  The  future  un¬ 
doubtedly  will  reveal  finishes  endowed 
with  characteristics  that  are  only 
dreamed  of  today. 
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Debarking 


Log  Barking  For  Greater  Profit’ 

E.  P.  IVORY 

President,  Ivory  Pine  Company  of  California 


Reviews  operation  of  mechanical  barker  in  use  at  author’s 
plant,  and  describes  benefits  derived  from  debarking.  In  addition, 
potential  uses  of  ground  bark  are  related,  with  the  realization  that 
much  research  yet  needs  to  be  undertaken  in  this  field. 


MV  OPINION  AND  BELIEF  is  that 
log  barking  is  profitable  because 
it  prepares  a  saw  log  for  quicker  and 
better  processing  in  the  sawmill  and, 
secondly,  because  it  produces  a  by¬ 
product  that  is  certainly  valuable  as 
a  soil  conditioner  and  probably  for 
several  other  uses. 

Two  Types  of  Barking  Machines 

Two  types  of  equipment  for  re¬ 
moving  the  bark  from  logs  have  been 
descried.  The  first,  or  rossing  type, 
which  through  the  use  of  a  cutter 
head  removes  the  bark  from  the  log 
and,  at  the  same  time,  removes  pro¬ 
jections  such  as  knots,  burls,  knobs, 
etc.,  produces  a  relatively  smooth 
cylinder  that  is  ideal  for  sawing  in  the 
mill. 

The  other  type,  which  tears  the  bark 
away  from  the  log  through  the  abra¬ 
sive  action  of  a  high-pressure  stream 
of  water,  removes  all  of  the  bark  in 
small  chunks  and  leaves  all  of  the  fi¬ 
ber,  including  the  projecting  knots. 
Such  a  debarked  log  is  rougher  than 
the  original.  It  is  better  for  paper 
making  because  all  the  wood  fiber  is 
preserved,  but  is  obviously  not  as  good 
from  a  sawmill  standpoint. 

The  Rossing  Debarker 

We  have  had  one  of  these  machines 
in  operation  for  about  a  year.  It  func¬ 
tions  well  in  most  respects,  but  does 
give  trouble  with  the  cutter  head.  In 
our  opinion,  the  best  design  of  head 
has  not  yet  been  achieved.  Also,  there 
is  some  difficulty  in  getting  parts  for 
the  current  make,  but  we  presume  this 
will  be  corrected  in  time.  It  does  re¬ 
duce  logs  to  a  relatively  smooth  cylin¬ 
der  and  grinds  the  bark  into  a  fairly 
fine  and  usable  consistency.  On  the 
average,  it  will  debark  around  50,000' 
of  Pine  and  White  Fir  logs  in  eight 
hours.  In  our  operation,  it  requires 
only  one  extra  pond  man.  Actually, 
two  men  must  be  present  during  ntost 
of  the  debarking  operation  but  one 
of  them  would  have  to  be  there  any- 
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way  to  cut  the  logs  in  two  and  feed 
them  into  the  log  well. 

The  cost  of  this  machine  installed 
was  approximately  $70,000.00,  includ¬ 
ing  a  heavy,  powerful  fan  for  the 
disposal  of  the  ground  bark.  This  ma¬ 
chine  has  to  be  about  one-half  fan 
and  one-half  hog,  since  many  large 
chunks  are  sucked  into  it  and  need  to 
be  beaten  up  before  they  are  blown 
through  to  the  collector.  It  requires  a 
100  HP  motor  to  operate  this  fan  and 
approximately  70  HP  in  addition  to 
run  the  balance  of  the  barking 
machinery. 

Like  all  newly  designed  machines, 
this  has  its  shortcomings,  at  least  as 
applied  to  our  job.  It  will  not  handle 
lengths  1 6-foot  or  under  and,  though 
we  are  on  a  long  log  program,  we 
find  that  approximately  20%  of  the 
logs  coming  to  us  are  1 6-foot  or 
shorter,  a  condition  caused  by  the 
tendency  of  trees  to  break  on '  the 
rough  ground  in  which  we  are  op¬ 


erating.  We  believe  this  defect  ein 
and  should  be  overcome.  Then,  it  is 
difficult,  and  in  some  cases  impossible, 
to  handle  sinker  logs  through  the  i;ia- 
chine  and  this  proves  quite  a  factor  in 
an  operation  where  10%  of  the  b'gs 
are  of  the  sinker  variety.  The  cor'cc- 
tion  of  the  first  shortcoming  should 
solve  the  second.  Neither  of  these  .ic- 
tors  would  prove  burdensome  in  a  nill 
cutting  all  Douglas  Fir  or  Pondo  )sa 
Pine,  but  where  White  Fir  and  Si  itar 
Pine  constitute  the  bulk  of  the  cuo  it 
makes  quite  a  difference. 

Benefits  of  Debarking  in  a  Sawntill 

What  are  the  benefits  to  a  sawiiiill 
of  having  barked  logs.  We  do  not 
have  the  figures  to  prove  our  st.ite- 
ments,  but  one  who  has  been  around 
a  sawmill  a  great  deal  cannot  but 
observe  that  there  are  some  \ery 
worthwhile  benefits  obtained.  In  the 
first  place,  the  log  can  be  held  more 
tightly  on  a  carriage  because  one  has 
solid  wood  into  which  the  dogs  bite 
every  time  instead  of  into  bark,  which 
is  soft  of  itself  and  oftentimes  loose. 
Furthermore,  the  freedom  from  pro¬ 
jections  make  it  unnecessary  for  the 
sawyer  to  turn  the  log  several  times 


Figure  1. — Debarker  described  is  seen  here  in  action  of  Ivory  Pine  Co.,  Dinubo,  '■  alif. 
The  four  chains  rotate  the  log  and  spiral  it  forward  at  the  same  time.  A  large  ond  heovily 
built  fan  sets  up  the  bark  dust  and  sends  it  up  to  a  collector  from  which  it  can  either  be 
sent  to  the  burner  or  dropped  into  a  truck. 
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Figure  2. — ^This  group  of  six  debarked  logs  on  the  live  log  deck 
contains  3100  board  feet.  Note  their  general  roundness  and 
absence  of  projecting  notes.  Such  logs  con  be  cut  more  advan¬ 
tageously  and  sows  lost  longer. 


Figure  3. — Truck  and  trailer  load  of  ground  bark  headed  for 
ranch  in  vicinity  of  Ivory  Pine  Co.  Acid  nature  of  bark  is  valuable 
for  alkaline  soil  in  area.  Bark  breaks  down  readily  when  composted 
to  furnish  valuable  humus  element. 


to  get  it  in  position  on  the  carriage. 
Because  the  log  is  held  more  rigidly, 
the  lumber  produced  is  more  uniform 
in  thickness.  Further,  there  is  less 
"dodging”  of  the  saw.  Now,  there 
arc  many  causes  of  saw  dodging,  such 
as  dull  or  poorly  fitted  saws,  but  bark 
and  big  knots  on  the  surface  are  fre¬ 
quently  causes  of  this  defect  and  for 
the  barked  log  these  two  major  causes 
of  poor  sawing  are  removed. 

Saws  last  much  longer  and  retain 
their  sharpness  better  with  barked 
logs.  Any  logs  that  are  dragged  over 
the  ground  pick  up  sand  and  gravel 
and  only  a  portion  of  this  can  be  re¬ 
moved  by  immersion  in  water,  spray¬ 
ing,  etc.  Obviously,  if  the  bark  has 
been  removed,  this  sand  and  gravel 
— in  our  case  decomposed  granite — 
is  removed  with  it.  If  there  are  spikes 
or  nails  in  the  logs,  they  are  usually 
detected  and  avoided  if  not  removed 
in  the  debarking  process. 

Edging  of  the  lumber  can  be  done 
more  accurately  when  the  bark  has 
been  removed  and  the  same  is  true  in 
a  smaller  degree  with  the  trimming. 
Your  men  are  handling  a  less  rough, 
more  nearly  smooth  product  all  the 
way  through  and  they  respond  to  it, 
even  to  the  fact  that  there  is  less 
weight  when  the  flitches  thrown  off 
by  the  head  saw  need  to  be  rehandled. 
There  is  less  debris  around  the  mill 
floor  and  things  are  cleaner  when  logs 
have  been  barked. 

But  it  is  in  the  salvage  department 
that  barking  benefits  are  most  ob¬ 
vious.  It  is  easier  for  the  stock  picker 
because  he  can  see  what  he  has  and 
only  has  to  work  with  the  wood  it¬ 
self.  One  gets  better  yield  and  more 
accurately  prepared  salvage  material 
and  does  it  with  less  work.  Then,  too, 
there  is  the  opportunity  for  chip  pro¬ 
duct' on  of  bark  free  waste,  a  product 
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that  is  coming  more  and  more  in  de¬ 
mand  all  the  time. 

Some  Potential  Uses  of 
Ground  Bark 

A  second  source  of  profit  from 
barking  is  the  use  of  bark  as  a  by¬ 
product.  This  is  something  into  which 
we  are  feeling  our  way  gradually.  It 
lies  in  two  fields — agricultural  and 
chemical.  We  have  had  a  careful  anal¬ 
ysis  of  bark  made  by  Twining  Labora¬ 
tories  of  Fresno  and  I  wish  to  give 
some  of  their  findings.  Their  first  re¬ 
search  had  to  do  with  the  potential 
use  of  the  ground  bark  for  agricultural 
purpo.ses.  See  Table  1. 

Note  first  that  the  bark  is  of  an 
acid  nature,  having  a  pH  running  from 
3.3  to  4.3.  In  the  area  in  which  our 
sawmill  is  located  all  of  the  soil  is  on 
the  alkaline  side.  Much  of  the  best 
shows  a  pH  of  7.5  to  8  and  some  of 
it  goes  up  to  10  points  on  the  pH 
scale.  It  is  obvious  that  the  applica¬ 
tion  of  this  acid  bark  will  bring  about 
some  immediate  correction  and  when 
the  pH  is  low  bacterial  action  and  de¬ 


composition  go  on  rapidly.  The  tend¬ 
ency  to  become  humus  is  greater  with 
bark  than  with  sawdust  which,  par¬ 
ticularly  with  White  Fir  and  Sugar 
Pine,  is  on  the  alkaline  side. 

As  far  as  the  main  soil  fertilizer 
elements  are  concerned,  there  is  rela¬ 
tively  little  in  the  bark.  Nitrogen, 
Phosphate  and  Potash  content  is  less 
than  one-half  of  1%  in  White  Fir 
bark  and  far  less  than  one-fourth  of 
1%  in  Sugar  Pine  and  Ponderosa  Pine. 
White  Fir  bark  does  contain  a  fair 
amount  of  calcium  and  there  is  enough 
of  the  trace  elements  in  all  types  of 
the  bark  to  be  worthwhile. 

Obviously,  with  so  little  fertilizer 
content,  the  main  function  of  bark  is 
as  an  oil  conditioner.  It  does  break 
down  very  readily.  We  find  that  if 
bark  dust  is  merely  piled  up  and  given 
a  small  amount  of  water,  it  will  de¬ 
velop  heat  and  break  down  in  the 
course  of  three  or  four  months.  If  one 
adds  a  small  amount  of  nitrogen,  ei¬ 
ther  in  chemical  form  or  in  the  form 
of  manure,  and  then  introduces  a  ni- 
( Continued  on  page  94) 


Table  1. — AN  ANALYSIS  OF  GROUND  BARK  TO  DETERMINE  THE  PRESENCE  OF  ELEMENTS 
VALUABLE  FOR  USE  AS  A  FERTILIZER  OR  SOIL  CONDITIONER 


Faemont 

Nitrogen  (N) _ _  . 

Phosphoric  Acid  (P  sOs) _ 

Potash  (K  2O) _ _ _ 

Lime  (CaO) _ 

Trace  Elements _ 

Total  Inorganic  Matter. 
Total  Organic  Matter 


Table  2. — WATER  EXTRACTIVES  OF  BARK. 


Insolubles _ 

Non-tannins _ 

Tannin _ 

Non-extractives 


Total _ _ _  - 

Total  Extractives.. 
Soluble  Extractives. 


White  Fir 

.Sugar  Pine 

Ponderosa  Pin,- 

pH  =4.3 

pH=3.3 

pH  =  4.0 

0.22',c 

0.14 

0.13 

0.20 

0.03 

0.02 

0.10 

0.04 

0.04 

1.33 

0.19 

0.29 

O.O.S 

0.13 

0.29 

2.90 

0..53 

0.77 

97.10 

99.47 

99.23 

JY  WEIGHT 

OF  WATER 

FREE  BARK 

White  Fir 

Sugar  Pine 

Ponderosa  Pine 

i.en 

6.82% 

0.67% 

\l.66V, 

11.68% 

9.08% 

.’>.37'’/, 

5.88% 

1..58% 

HI  .30V, 

75.62% 

88.67% 

loo.ooy, 

100.00% 

100.00% 

IH.70% 

24.38% 

11.33% 

17.03% 

17.. 56% 

10.66% 
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Hydraulic  Log  Barking' 

E.  I.  FLATEBOE 

President  and  General  Manager,  Sumner  Iron  Works,  Everett,  Washington 


Reviews  various  major  designs  of  hydraulic-type  barkers,  de¬ 
scribing  main  operating  features  of  each  type.  In  addition,  author 
reviews  the  advantages  of  hydraulic  log  barking.  Tables  included 
give,  basic  estimated  costs  and  returns  from  hydraulic  log  barking. 


I  BELIEVE  THAT  EVERYONE  present 
here  has  seen  or  at  least  knows 
about  whole  log  hydraulic  barkers  or 
hydraulic  slab  barkers  and  their  im¬ 
portance  in  the  saw  mills  and  pulp 
mills  of  today.  The  idea  of  this  paper 
is  to  help  clear  ud  some  of  the  points 
not  generally  known  and  to  bring  to¬ 
gether  some  of  the  facts  which  appear 
widely  scattered  throughout  the  avail¬ 
able  literature. 

To  begin  with,  hydraulic  barking 
has  been  studied  by  mill  operators  for 
quite  a  few  years.  It  is  believed  that 
the  Crown  Zellerbach  Corporation 
started  it;  just  how  many  years  ago  1 
do  not  know.  I  do  believe,  however, 
that  it  was  given  up  by  reason  of  high 
first  cost  and  operating  cost,  although 
the  machine  never  got  into  production. 

During  1940,  or  thereabouts,  the 
Weyerhaeuser  Timber  Company  at 
Longview,  Washington  designed  a  hy¬ 
draulic  round  log  barker,  known  now 
as  the  Weyerhaeuser  type  Barker.  At 
approximately  the  same  time,  the 
Crown  Zellerbach  Corporation  at  Port 
Townsend  also  designed  a  whole  log 
barker  which  has  now  become  known 
as  the  Crown  Zellerbach  type,  patented 
by  Mr.  Harry  E.  Bukowsky.  Consid¬ 
erable  experimental  work  was  done  by 
both  firms  before  the  final  decision 
was  made  to  go  ahead  with  a  full  size 
production  machine.  Sumner  Iron 
Works,  in  both  cases,  had  the  privilege 
of  building  the  major  components  of 
these  machines. 

The  Weyerhaeuser  type,  like  the 
Crown  Zellerbach  type  Barker,  rotates 
the  log.  In  the  first  case  the  log  is  con¬ 
tinuously  rotated  while  the  water 
stream  is  applied  longitudinally  to  the 
bark  at  high  speed.  In  the  case  of  the 
Crown  Zellerbach  type  Barker  the  log 
is  revolved  between  centers  much  the 
same  as  a  peeler  log  in  a  veneer  lathe. 
The  high  pressure  water  stream  is  ap¬ 
plied  with  a  slow  longitudinal  nozzle- 
movement,  thus  removing  the  bark 
spirally  from  the  log. 

I  believe  that  there  are  three  of  the 
Weyerhaeuser  type  Barkers  in  opera- 
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tion;  one  in  Everett,  one  in  Longview, 
and  one  at  Powell  River,  B.C.  Four 
of  the  Crown  Zellerbach  type  machines 
were  built  and  I  believe  are  still  in 
use.  These  are  at  Port  Townsend,  Port 
Angeles,  and  Hoquiam,  Washington 
and  at  Oregon  City,  Oregon. 

Since  the  two  types  of  machines 
mentioned  above  were  built,  another 
version  of  the  hydraulic  barker  has 
been  developed  by  the  Worthington 
Pump  and  Machinery  Company.  One 
of  these  is  now  in  operation  at  the 
Soundview  Division  of  the  Scott  Paper 
Company  in  Everett,  and  one  at  the 
St.  Regis  Kraft  Company  in  Tacoma, 
Washington.  These  barkers  embody  a 
different  principle.  The  log  is  not  ro¬ 
tated,  but  travels  straight  through  the 
barker  with  three  batteries  of  nozzles 
applying  the  stream  and  set  at  120°. 
For  a  large  diameter  log  this  may  re¬ 
quire  more  than  one  pass  through  the 
barker. 

Closely  following  the  development 
of  the  Worthington,  is  the  so-called 
Bellingham  type,  again  embodying  the 
principle  of  rolling  the  log  and  mov¬ 
ing  the  stream  slowly  longitudinally 
across  the  length  of  the  log,  thus 
spirally  removing  the  bark.  This  later 
development  differs  from  the  Crown 
Zellerbach  and  Weyerhaeuser  types  in 
that  the  log  is  positively  rotated  by 
means  of  special  trunnion  wheels  hav¬ 
ing  a  sufficiently  corrugated  surface  to 
rotate  the  log  with  or  without  any 
bark  and  at  a  fairly  high  r.p.m.  A  total 
of  19  of  these  barkers  have  been  in¬ 
stalled  or  are  now  being  built  as 
shown  on  the  list  attached  to  this 
paper. 

They  are  now  built  in  sizes  to 
handle  from  8'  to  44'  long  logs  rang¬ 
ing  from  6"  to  about  10'  in  diameter. 
Since  the  original  Bellingham  type 
Barker  was  designed  and  patented  by 
Mr.  E.  Eckholm  and  Mr.  V.  C.  Haner 
of  Puget  Sound  Pulp  &  Timber  Com¬ 
pany  at  Bellingham,  Washington,  a 
number  of  changes  from  the  original 
machines  have  been  made,  with  a  re¬ 
duction  in  maintenance  costs  and,  per¬ 
haps,  a  higher  efficiency.  For  example, 
in  order  to  provide  certain  flexibility. 


a  number  of  high  pressure  rubber 
hoses  were  used  in  the  original  modeb. 
This  proved  to  be  a  point  of  rathi.r 
high  maintenance  cost  and,  as  a  result, 
they  have  been  completely  replaced  !->y 
high  pressure  steel  swing  joints. 

The  Sumner  Iron  Works,  with  thi  ;r 
affiliates,  the  Canadian  Sumner  In'n 
Works,  Ltd.,  at  Vancouver,  B.  ( 
have  built  all  of  these  latter  machii-vS 
under  exclusive  manufacturing  rigi  's 
granted  by  the  Puget  Sound  Pulp  n 
Timber  Company.  This  type  of  bark.r 
is,  in  the  writer’s  opinion,  the 
flexible  of  any  hydraulic  round  Ki;.; 
barker  on  the  market  today. 

Both  the  log  rolling  device  and  i.nc- 
nozzle  carriage  are  usually  driven  .n’ 
means  of  a  direct  current  motor  >o 
that  the  turning  wheel  r.p.m.  and  the 
longitudinal  speed  of  the  nozzle  car¬ 
riage  can  be  varied  at  will  to  suit  thc 
logs.  In  the  latter  machines  the  nozzle 
may  be  rotated  360°  and  is  easily  con¬ 
trolled  for  strip  barking  or  cleaning 
around  a  burrow  or  big  knots.  Poor 
logs,  even  with  short  limbs,  may  be 
barked  as  the  branches  will  go  between 
the  turning  wheels.  Rotted  portions  of 
a  log  may  be  easily  removed  with  the 
high  pressure  jet  of  water.  Bad  ends 
on  the  log  offer  no  difficulties. 


Figure  1. — Original  Bellingham-tyoe 
barker  installed  at  Puget  Saund  Pulp  r^nd 
Timber  Co. 
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Figure  2. — Unit-type  barker  designed  for  barking  logs  up  to  Figure  3. — Operator's  controls  on  large  sawmill  log  barker  at 
60  in.  in  diameter  and  24  ft.  long.  Weyerhaeuser  Timber  Co.'s  "B"  mill  at  Everett,  Wash.  AAachine 

barks  logs  up  to  110  in.  in  diameter  and  44  ft.  long. 


If  you  have  the  time,  the  moving 
picture  taken  at  Bellingham  will  show 
the  original  of  this  type  barker  at 
Puget  Sound  Pulp  &  Timber  Com¬ 
pany.  The  other  film  shows  one  of  the 
newer  machines  at  the  Mill  "B”  op¬ 
erations  of  the  Weyerhaeuser  Timber 
Company  in  Everett,  Washington. 

Another  type  of  hydraulic  log 
barker  has  been  developed  by  Mr. 
Frank  Swift  of  the  Crown  Zellerbach 
Corporation  and  is  now  handled  by 
the  Hansel  Engineering  Company. 
This  type,  in  one  respect,  is  similar 
to  the  Worthington  in  as  much  as  the 
log  goes  through  without  turning. 
The  spray  is  applied  through  a  revolv¬ 
ing  spray  mechanism,  taking  off  the 
bark  spirally.  Quite  a  few  of  these 
barkers  have  been  built  but  to  my 
knowledge,  for  medium  size  logs 
only,  or,  for  up  to  about  five  foot 
diameter  logs. 

Several  Simons  barkers  are  also  now' 
in  use.  Designed  by  Howard  A. 
Simons  of  Vancouver,  B.C.,  the  log  in 
this  case  also  goes  through  the  unit 
without  being  revolved.  The  w'ater 
stream  is  applied  to  the  log  through 
a  rotating  nozzle  with  a  vertical 
spindle,  one  nozzle  above  and  one  un¬ 
der  the  log.  From  what  the  writer  has 
seen,  this  machine  is  apparently  doing 
a  very  good  job.  Like  the  Hansel,  it 
has  so  far  been  built  for  medium  size 
logs  only. 

The  AlHs-Chalmers  Stream  Barker, 
which  was  developed  by  the  Allis- 
Chalmers  Manufacturing  Company  in 
Milwaukee,  Wisconsin,  is  primarily 
designed  for  small  diameter,  eight  foot 
pulp  wood.  A  large  number  of  these 
units  are  in  use  in  the  various  pulp 
and  paper  mills  throughout  the  coun- 
tr)’.  The  machine  is  usually  installed 
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with  tw'o  pumps,  one  of  which  is  a 
booster  pump  so  that  a  variety  of  pres¬ 
sures  are  available  for  use  with  the 
various  species  of  wood  to  be  barked. 
This  barker  is  a  packaged  type  unit 
but,  so  far  as  I  know,  has  only  been 
made  for  short  logs  8'  or  10'  in  length 
and  approximately  24"  maximum 
diameter. 

Advantages  of  Hydraulic 
Log  Barking 

A.  Chip  Yield:  The  best  figures 
which  we  have  available  indicate  that 
in  a  mill  where  no  barking  is  done, 
that  is  where  bark-free  wood  is  picked 
from  the  refuse  conveyor,  the  chip 
yield  will  average  slightly  over  0.2 
units  per  thousand  board  feet  of  lum¬ 
ber  cut.  On  the  installation  of  hy¬ 
draulic  log  barking  facilities,  this  yield 
increases  to  slightly  under  0.6  units 
of  chips  per  thousand  board  feet.  This 
figure  will  vary  tremendously  depend¬ 
ing  on  size  and  type  of  logs  being  cut. 

B.  Additional  Recovery  of  Lumber: 
One  Canadian  operator  reports  an  av¬ 
erage  gain  of  $3.50/MBF  of  logs 
over-run  when  a  hydraulic  barker  was 
installed.  The  average  of  figures  avail¬ 
able  to  us  approximates  5%. 

C.  Satv  Maintenance  and  Increased 
Saw  Life:  This  point  has  grown  to  be 
a  major  advantage  in  hydraulic  bark¬ 
ing.  One  large  operator  actually  re- 
jxirted  to  us  that  their  saw  costs  were 
cut  in  half  after  installation  of  the 
barking  facilities. 

Saw  changes  are  reduced  about  in 
the  ratio  of  3:2.  Saw  breakage  is  re¬ 
duced  because  of  elimination  of  rock 
and  other  abrasive  material  embedded 
in  bark. 

D.  Upgrading  of  Lumber:  The  ac¬ 
tual  increase  in  value  from  upgrading 


of  lumber  is  verv  ditficult  to  determine 
but  this  is  one  of  the  greater  benefits 
of  hydraulic  barking.  One  source 
states  that  about  39r  is  upgraded  from 
$70.00  to  $90.00  per  MBF. 

E.  Cleaner  Mill:  Mills  having  hy¬ 
draulic  barker  installations  report  elim¬ 
ination  of  most  of  the  clean-up  crew 
on  the  sawmill  deck.  A  safer  mill 
also  results  from  having  a  cleaner 
deck  in  the  sawmill. 

E.  Increased  Production:  Most  op¬ 
erators  report  a  greater  production  of 
up  to  10%  per  man  day  due  to  less 
down  time  for  saw  changes  and  other 
production  factors. 

I  have  attempted  in  Table  I  to  give 
an  estimated  cost  of  hydraulic  log 
barking.  You  will  note  that  water 
costs  arc  not  included  in  these  figures 
since  this  will  vary  over  such  a  wide 
range  in  the  various  mills. 

Table  II  shows  the  estimated  daily 
returns  after  installation  of  a  Hy¬ 
draulic  Log  Barker.  The  latter  figure 
does  not  include  savings  in  cleanup 
labor  or  greater  saw  life  due  to  the 
difficulty  of  determining  these  figures. 
The  basis  in  both  calculations  is  a 
sawmill  cutting  200,000  feet  per  day. 

Water  Consumption 

The  size  of  water  pump  required 
with  these  machines  depends  upon  a 
large  number  of  factors:  average 
diameter  of  log,  capacity  requirements, 
and  species  all  enter  into  the  figures. 
At  least  one  mill  that  we  know  is 
using  salt  water.  Most  in.stallations 
have  a  water  supply  to  the  machine 
of  from  600  to  1200  gallons  per  min¬ 
ute  at  1300  p.s.i.  Pump  motor  power 
requirements  average  1  HP  per  gallon 
of  water. 
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Figure  4. — Nozzle  corriage,  water  supply  piping  and  manifold  for  Figure  5. — Water  supply  piping  and  nozzle  carriage  for  large 

barker  shown  in  figure  3.  sawmill  barker  installed  at  White  River  Lumber  Co.,  Enumclaw, 

Wash.  Note  that  all  rubber  hoses  shown  in  figure  4  have  b^en 
eliminated  and  replaced  with  steel  swing  joints  as  shown,  to  lower 
maintenance  costs. 


With  installation  of  suitable  screen¬ 
ing  apparatus,  barking  water  can  be 
reused;  a  factor  which  is  of  much  im¬ 
portance  in  localities  of  low  water 
availability. 

Comparison  of  Hydraulic  with 
Mechanical  Barkers 

Information  received  from  manu¬ 
facturers  of  mechanical  barking  equip¬ 
ment  indicates  that  the  cost  of  bark¬ 
ing  will  approximate  $1.00  per  1000 
BF  although  at  a  considerable  loss  in 
chippable  wood. 

In  closing  this  section  on  hydraulic 
log  barking,  I  would  like  to  add  that 
the  case  for  a  sawmill  hydraulic  barker 
nearly  always  will  hinge  around  the 
available  chip  market. 

Hydraulic  Slab  Wood  Barkers 

Also,  just  a  few  words  about  hy¬ 
draulic  slab  barkers.  Those  developed 
to  date  are  practically  all  of  the  same 
general  design.  The  slab  emters  the 
barking  chamber,  passes  under  the 
nozzle,  and  leaves  the  machine  cither 
by  means  of  chains  or  rolls. 

The  slab  barker  nozzles  have  been 
made  in  various  sizes  and  shapes. 
Some  apply  the  stream  through  a 
straight  manifold  at  right  angles  or 
at  an  oblique  angle  to  the  axis  of  the 


slab.  Some  units  utilize  an  oscillating 
nozzle.  It  has  been  found  that  the 
oscillating  type  nozzle  docs  the  best 
job  for  heavy  bark  such  as  heavy  fir 
slabs. 

One  of  the  major  advantages  of  the 
oscillating  type  nozzle  is  low  overall 
water  consumption  with  wide  slabs. 
For  example,  with  a  6"  nozzle  width 
and  a  water  supply  of  600  gpm,  we 
have  a  water  concentration  of  100 
gpm/inch  of  nozzle  width.  With  the 
oscillating  mechanism,  this  high  water 
concentration  is  utilized  over  the  total  .. 
slab  width  of  say  28".  If  a  stationary 
nozzle  was  employed,  a  water  supply 
of  2800  gpm  would  be  required  for 
the  same  water  concentration. 

These  slab  barkers,  depending  upon 
size,  amount  of  water  used,  pressure 
and  horsepower,  and  wood  species, 
will  bark  from  five  to  12  cords  of 
wood  per  hour. 

Table  1. — ESTIAAATED  COST  OF  HYDRAULIC 
LOG  BARKING’  “ 

Dpprwiation: 

Sa.SO.OOO— 10  Ypars-240  Days/Yoar..  $14.5.8,3 


Power:  6.500  KWM  (<t  0.007 . . .  51.24 

Labor:  24  Man  hours  (a.  $2.00/Hour 

(InrludinK  Chippers) . . . .  48.00 

Maintenance .  . . .  40.00 


Total  Daily  Cost. .  . .  $285.07 

285.07 

CoBt/MBF  =  — —  =  $1.42/MBF 
200 

>  Mill  Basis  200  MBF/D. 

-Water  Cost  not  included. 


Table  2. — ESTIMATED  DAILY  RETURNS  WITH 
HYDRAULIC  LOG  BARKING’" 

.5%  Increased  Yield  at  $70.00/M _ $700.00 

Upgrading  5%  at  70.00-90.00  Daily .  200.00 

Increased  production  7%  at  .50.00-70.00  .  280.00 

Increased  Chip  Yield  0.3  units  to  0.6  units  360.00 

Total  daily  returns. _ _ $1,. 540. 00 

1.540.00 

Return/MBF  = - =$7.70 

200 

‘Increased  Saw  Life  and  Cleanup  Savings  not 
included  in  above. 

-Mill  basis  200  MBF/Day. 

INSTALLATION  LIST — SUMNER  BELLING 

HAM  TYPE  HYDRAULIC  LOG  BARKERS 

The  Barkers  listed  below  are  all  of 
the  same  size  as  originally  installed  in 
the  Bellingham  plant  of  Puget  Sound 
Pulp  &  Timber  Company. 

1.  Puget  Sound  Pulp  &  Timber  Co., 
Bellingham,  Washington 

2.  Fibreboard  Products,  Inc.,  Antioch. 
California 

3.  Crown  Zellerbach  Corporation,  Port 
Townsend,  Washington 

4.  Crown  Zellerbach  Corporation, 
Camas,  Washington 

5.  Rayonier,  Incorporated,  Shelton, 
Washington 

6.  Alaska  Pine  &  Cellulose,  I-td., 
Woodfibre,  B.C.,  Canada 

7.  Alaska  Pine  &  Cellulose,  Ltd.,  Pt'ft 
Alice,  B.C.,  Canada 

8.  Columbia  Cellulose,  Ltd.,  Prioce 
Rupert,  B.C.,  Canada 

9.  Paper  Makers,  Pty.  Ltd.,  Buroie. 
Tasmania  (Australia) 

*10.  Ketchikan  Pulp  Company,  Ket  .li- 
kan,  Alaska 

(Continued  on  page  94) 
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Properties  of  Wood 


Effect  of  Heat  Upon  the  Dimensional 
Stabilization  of  Wood' 

R.  M.  SEBORG,  HAROLD  TARKOW,  and  ALFRED  J.  STAMM 

Chemists,  Forest  Products  Laboratory,*  Forest  Service,  U.  S.  Department  of  Agriculture 


Describes  investigation  that  disprove  the  hypothesis  that  stabiliza¬ 
tion  by  heat  is  a  cross-linking  reaction.  Analyses  of  tests  employed 
indicate  that  unless  some  way  can  be  found  to  separate  the  dimension- 
stabilizing  from  the  embrittling  reactions,  which  does  not  seem  prob¬ 
able  at  present,  the  commercial  use  of  wood  stabilized  in  this  way  will 
be  quite  limited. 


Introduction 

l  ATINti  WOOD  TO  TK MPERATURES 

considerably  above  normal  sea¬ 
soning  temperatures  is  the  oldest, 
simplest,  and  cheapest  means  now 
known  for  stabilizing  the  dimensions 
of  wood,  but  the  treatment,  unfor¬ 
tunately,  embrittles  the  wood  signi¬ 
ficantly  (8,  9,  13)." 

Dimensional  stabilization  of  wood 
with  heat  has  been  previously  shown 
to  be  dependent  upon  a  combination 
of  temperature  and  time.  The  time  re- 
cjuired  to  attain  a  given  antishrink 
efficiency  (dimension  change  of  the 
control  minus  the  dimension  change 
of  a  matched  heated  specimen  divided 
by  the  dimension  change  of  the  con¬ 
trol  between  the  oven-dry  and  the 
water-soaked  conditions,  or  between 
two  different  relative  humidities,  ex¬ 
pressed  in  percent)  increases  in  a 
logarithmic  fashion  with  a  decrease  in 
temperature  (8).  An  appreciable- 
weight  loss  accompanies  dimensional 
stabilization.  The  loss  is  greater  per 
unit  time  when  the  wood  has  free  ac- 
css  to  air  than  when  heated  beneath 
the  surface  of  a  molten  metal  (6,8). 

Dimensional  stabilization  by  heat  is 
accompanied  by  a  loss  of  water  of  con¬ 
stitution  of  the  wood.  This  fact, 
coupled  with  limited  data  showing 
that  dry  heat  is  more  effective  than 
moist  heat,  was  the  basis  for  the 
hypothesis  that  stabilization  by  heat, 
like  the  reaction  of  wood  with  for¬ 
maldehyde  (12),  is  a  cross-linking 
reaction  (9).  The  postulated  cross 
linking  was  pictured  as  an  oxygen 
linkage  (that  is,  an  ether)  formed  by 
\vater  splitting  off  between  two 

‘  Report  of  work  done  under  Order  No. 
\.\iinr  42—47  for  the  Office  of  Naval  Research. 
Prv'cnted  at  the  Cellulose  Division  meeting  of 
the  Amer.  Chem.  Soc.  in  Milwaukee,  April  1. 

19S2. 

Italic  figures  in  parentheses  refer  to  Litera- 
tu  c  Cited  at  the  end  of  this  report. 

Underlined  figures  in  parentheses  refer  to 
I.u.rature  Cited  at  the  end  of  this  report. 


hydroxyl  groups  on  adjacent  swelling 
units. 

It  was  felt  desirable  to  check  this 
hypothesis  and  to  find,  if  possible, 
means  of  avoiding  the  undesirable 
embrittlement  that  has  thus  far  pre¬ 
vented  the  commercial  use  of  this 
otherwise  promising  means  of  stabiliz¬ 
ing  the  dimensions  of  wood.  On  the 
basis  of  support  from  the  Office  of 
Naval  Research,  an  investigation  was 
initiated  at  the  Forest  Products  Lab¬ 
oratory  to  obtain  more  information  on 
this  heat  reaction  and  its  control. 

Nature  of  the  Thermal  Reaction 

A  series  of  tests  was  made  to  deter¬ 
mine  if  the  thermal  reaction  is  really 
one  involving  the  formation  of  ether 
cross  links. 

Tests  were  made  on  the  swelling  of 
heated  and  unheated  wood  in  several 
different  agents  that  cause  normal 
wood  to  swell  more  than  it  does  in 
water.  If  ether  cross  links  were  formed 
on  heating,  the  swelling  in  concen¬ 
trated  sodium  hydroxide,  morpholine, 
and  pyridine  should  be  significantly 
less  than  the  swelling  of  the  unheated 
controls,  as  none  of  these  liquids  is 
capable  of  breaking  ether  linkages. 
The  data  given  in  table  1  for  the 
swelling  of  unheated  and  heated 
spruce  and  maple  cross  sections  show 
that  with  maple,  heat  treatment  re¬ 
duces  the  subsequent  .swelling  only  in 
water.  In  fact,  the  heated  .sections  of 
maple  swelled  more  than  the  controls 
in  all  liquids  but  water.  With  soft¬ 
woods  (spruce)  heat  treatment  re¬ 
duced  the  swelling  in  water,  had  a 
slight  effect  in  reducing  the  swelling 
in  pyridine,  and  increased  the  swell¬ 
ing  in  sodium  hydroxide  more  than  3^ 
percent.  Previous  work  (12)  showed 
that  formaldehyde-stabilized  wood  un¬ 
dergoes  less  swelling  in  all  of  these 
liquids  than  does  untreated  wood. 
This  indicates  that  the  dimensional 


stability  resulting  from  heat  treatment 
is  probably  not  due  to  the  formation 
of  ether  cross  links  between  swelling 
units,  as  in  formaldehyde  treatment. 

In  order  for  cross  linking  to  occur 
between  the  various  swelling  units,  it 
would  seem  that  the  separation  of 
these  units  should  be  within  rather 
definite  limits,  presumably  not  more 
than  one  molecular  diameter  of  water 
apart.  Cross  linking  should  thus  occur 
readily  in  dry  wood  or  in  wood  at  low 
moisture  content,  but  not  in  com¬ 
pletely  swollen  wood.  Experiments 
were  hence  conducted  on  heating  both 
dry  and  bulked-out  (that  is,  swollen) 
matched  specimens  and  determining 
their  subsequent  antishrink  efficiencies. 

Preliminary  bulking  experiments  in 
which  diphenyl  oxide  replaced  the  ace¬ 
tone  in  acetone-swollen  cross  sections 
of  Sitka  spruce  and  glycerine  replaced 
the  water  in  water-swollen  sections 
were  inconclusive,  as  the  diphenyl 
oxide  cau.sed  more  shrinkage  than  was 
desired  under  the  heat  treatment  and 
the  glycerine  tended  to  pulp  the  wood. 
The  partially  bulked  specimens  heated 
in  diphenyl  oxide,  however,  gave  the 
same  subsequent  antishrink  efficiency 
as  the  unswollen  .sections  heated  in  the 
same  medium.  The  experiment  did 
show  conclusively  that  oxidation  by 
atmospheric  oxygen  is  not  the  cau.se  of 
stabilization,  for  heating  of  the  swol¬ 
len  specimens  was  carried  out  in  the 
absence  of  both  atmospheric  and 
internally  occluded  oxygen. 

The  bulking  of  the  wood  cross  sec¬ 
tions  was  most  effectively  accomplished 
by  causing  potassium  iodide  to  diffuse 
from  a  concentrated  ac|ueou.s  .solution 
into  the  water-.swollen  cell-wall  struc¬ 
ture,  followed  by  oven  drying  to  re¬ 
move  the  water.  The  oven-dry  sjmi- 
mens  retained  6*1  percent  of  their 
water-swollen  volume  even  after  dras¬ 
tic  heating.  This  corresponds  to  an  av¬ 
erage  separation  of  the  swelling  units 
of  about  three  molecular  diameters  of 
water,  instead  of  the  five  for  com¬ 
pletely  .swollen  wood  (7).  These 
specimens,  together  with  unswollen 
controls,  were  heated  in  a  bomb  at 
210°  C.  for  5  hours.  The  potassium 
iodide  was  leached  from  the  swollen 
specimens.  The  antishrink  efficiency  of 
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TaW-e  l»«««‘Swelllng  of  heat-etablllzed  sugar  maple  and  Sitka  spruce  cross 

seotlons  In  various  liquids  compared  with  the  untre&ted  controls 


Tangential  swelling  In: 

Species 

Treatment 

Water 

IS  percent  sodium 
hydroxide 

Morpholine 

Pyridine 

Percent 

Percent 

Percent 

Percent 

Sugar  maple... 

Do . 

Unheated  control,. 

Heated  5  hours  at 

9.7 

14.1 

13.2 

12.6 

Sitka  spruce,. 

Do . 

210®  C'  In  air... 

Unheated  control,. 

Heated  7  hours  at 
230®  C,  In  air... 

5.3 

10.0 

6.6 

15.6 

13.2 

IS,  2 

15.9 

13.7 

12.5 

11.7 

Table  2, --Proper ties  of  paper  heated  under  various  conditions 


Extent  of  heat  treatment 


Property 

during 

ISO.®  C. 

200®  c. 

200®  C. 

220®  c. 

220®  C. 

2U0®  C, 

heating 

2  hr. 

2  hr. 

5  hr. 

2  hr. 

5  hr. 

2  hr. 

Color 

si 

Whit  e 

White 

White 

White 

White 

■  Slfl 

Di 

Tan 

Light 

Brown 

Dark 

Brown 

brown 

brown 

black 

IE  * 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Relative  gain  In 

S 

93 

90 

8S 

86 

85 

81 

weight  at  90  percent 
relative  humidity 

D 

93 

91 

86 

88 

35 

85 

Relative  fold 

S 

66 

S5 

43 

22 

2 

3 

resistance 

D 

0 

0 

0 

0 

0 

0 

Relative  tensile 

S 

S7 

92 

84 

7S 

70 

68 

strength 

D 

7^ 

51 

35 

28 

19 

25 

—Paper  swollen  In  glycerine.  Heated  while  submerged  In  glycerine, 
2 

—Paper  not  swollen.  Heated  dry. 


both  the  originally  swollen  and  the 
unswollen  heated  specimens  was  then 
determined,  the  former  giving  a  value 
of  33  percent  and  the  latter  31  percent. 

If  this  dimensional  stabilization 
were  due  to  the  formation  of  ether 
cross  linkages,  it  should  have  been 
considerably  greater  for  the  heated  un¬ 
swollen  wood  than  for  the  heated 
swollen  wood  because  of  the  much 
more  favorable  molecular  spacing  of 
the  structural  units  in  the  unswollen 
wood.  The  fact  that  the  antishrink 
values  were  practically  identical  indi¬ 
cates  that  the  dimensional  stabilization 
must  be  due  to  some  other  cause. 

As  an  aid  in  understanding  the 
transformation  occurring  when  wood  is 


heated,  it  was  of  interest  to  isolate 
those  transformations  due  only  to  the 
stable  polysaccharide  components  of 
wood.  For  this  purpose,  the  heat 
treatment  of  pure  carbohydrate  mate¬ 
rial  was  next  considered. 

A  bleached  sulphite  paper  was  cut 
in'io  5-  by  6-inch  sheets.  After  matched 
grouping,  some  of  the  sheets  were 
swollen  in  water  and  the  water  was 
replaced  with  anhydrous  glycerine. 
The  swollen  and  nonswollen  sheets 
were  then  heated  under  various  tem¬ 
perature-time  conditions.  After  the 
treatments,  they  were  thoroughly 
washed,  conditioned,  and  tested  for 
hygroscopicity,  fold  resistance,  and 
tensile  strength.  The  data  are  pre¬ 


sented  in  table  2.  The  following  con¬ 
clusions  may  be  drawn  from  the  table: 

1.  Heating  paper  in  the  dry  condi¬ 
tion  brings  about  appreciable  dark¬ 
ening.  If  the  paper  is  swollen  in 
glycerine  and  heated  while  submerged, 
no  darkening  occurs.  With  wool, 
however,  equal  darkening  is  obtaini  d 
under  both  conditions.  This  suggc'-ts 
that  the  hemicelluloses  or  lignin  m 
wood  are  undergoing  thermal  trao'- 
formations  that  do  not  require  oxyge.’. 

2.  The  relative  hygroscopicity  (rel-i.- 
tive  weight  increase  between  0  percent 
relative  humidity  and  90  percent  rel  - 
tive  humidity)  is  approximately  the 
same  regardless  of  whether  the  pap^  r 
is  heated  while  swollen  or  not. 
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*06^4  P  TIME  OF  HEATING  (MINUTES  -  SQUARE  ROOT  SCALE) 

Figure  1. — Effect  on  properties  of  ponderoso  pine  sopwood  cross  sections  when  heated  at 
300°  C.  in  air  at  atmospheric  pressure  for  different  periods  of  time. 


TIME  OF  HEATING  (MINUTES  -  SQUARE  ROOT  SCALE) 


igure  2. — Effect  on  properties  of  ponderoso  pine  sopwood  cross  sections  when  heated  at 
300°  C.  in  nitrogen  at  atmospheric  pressure  for  different  periods  of  time. 


tt’h.n  swollen  and  nonswollen  wood 
aa  heated,  and  adds  further  weight  to 
thi  belief  that  cross  linkages  do  not 
foi  m  on  thermal  treatment.  Again,  the 
d.’.ta  show  that  oxidation  is  not  respon- 
sib  e  for  the  reduction  in  hygroscopi- 
citi.  for  those  specimens  heated  while 
sw  )Ilen  and  submerged  were  not  only 
oir  of  contact  with  atmospheric 
ox  gen,  but  in  the  process  of  swelling 
th'  specimens,  occluded  oxygen  must 
ha  e  been  driven  off. 

).  The  specimens  heated  while 
sw  illen  showed  a  gradual  reduction  in 
fold  resistance.  The  specimens  heated 
dr.  showed  an  extremely  rapid  drop 
in  fold  resistance  to  practically  zero. 

i.  The  specimens  heated  while 
swollen  showed  a  very  gradual  drop 
in  tensile  strength.  The  specimens 
hc.ited  dry  showed  a  rapid  drop  in 
tensile  strength. 

Cotton  fabric  that  w'as  heated  for  6 
hours  at  200°,  220°,  and  240°  C.  in 
the  dry  and  in  the  glycerine-swollen 
states,  like  the  paper,  did  not  darken 
when  heated  in  glycerine,  but  progres¬ 
sively  darkened  when  heated  in  air. 
Appreciable  reductions  in  hygroscopi- 
city  occurred  in  both  cases.  The  fabric 
swollen  in  glycerine  should  not  have 
given  the  oserved  reduction  in  hygro- 
scopcity  if  the  reaction  were  one  in¬ 
volving  the  formation  of  cross  links. 

Effect  of  Heating  Under  Different 
Conditions  Upon  the  Properties 
of  Wood 

In  order  better  to  understand  the 
effect  of  heat  upon  the  dimensional 
stabilization  and  physical  properties  of 
wood,  a  number  of  experiments  were 
performed  in  which  wood  w'as  heated 
in  different  gaseous  media  under  at¬ 
mospheric  pre.ssure  or  under  confined 
conditions  that  allowed  the  pre.ssure 
to  build  up,  and  under  different  con¬ 
ditions  of  moisture-content,  tempera¬ 
ture,  and  time. 

Adjacently  cut  cross  sections  of 
ponderosa  pine  sapwood  were  used  for 
the  experiments.  The  sections  heated 
under  atmospheric  pressure  were 
inches  in  the  radial  direction, 
inches  in  the  tangential  direction,  and 
Vs  inch  in  the  fiber  direction,  except 
the  specimens  for  toughness  tests, 
which  were  by  %  by  3  inches  in 
the  fiber  direction.  The  sections  that 
were  heated  in  pressure  bombs  were 
i';  inch  thick  in  the  fiber  direction  by 
3  inches  in  either  the  radial  or  the 
tangential  direction  and  Yg  inch  in  the 
othc  transverse  direction. 

Specimens  heated  in  air  were  sus- 
pen.ied  in  glass  jars  from  metal  hooks 
fast  ned  to  loosely  fitting  asbestos- 
board  tops.  In  order  to  avoid  spon- 
tanc  'US  combustion  at  the  higher  tem- 
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per.itures,  the  air  was  not  circulated. 
Distillation  vapors  were,  however,  able 
to  escape  without  appreciable  amounts 
of  air  entering,  hence,  no  pressure  de¬ 
veloped  in  the  jars.  The  jars  were 
suspended  in  an  oil  bath,  thermo¬ 
statically  controlled  to  within  1°  C. 
of  the  desired  temperature. 

The  specimens  heated  in  nitrogen 
were  similarly  handled  except  that  the 
air  was  removed  by  a  high-vacuum 


pump  and  nitrogen  was  admitted  into 
the  jars.  During  the  heat  treatment, 
a  slow  stream  of  preheated  nitrogen 
was  passed  through  the  jars  to  avoid 
the  reentrance  of  air. 

Specimens  heated  in  an  enclosed 
system  were  placed  in  small  brass 
bombs  V2  '*^^b  in  internal  diameter 
and  3V^  inches  long.  The  bombs  were 
heated  by  immersing  them  in  the  oil 
bath  for  various  periods  of  time  and 
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were  then  cooled  by  quickly  immers¬ 
ing  them  in  cold  water. 

Specimens  were  heated  in  the  bombs 
under  three  different  moisture-content 
conditions;  oven-dry,  in  equilibrium 
with  97  -percent  relative  humidity 
(about  25  percent  moisture  content), 
and  in  equilibrium  with  97  percent 
relative  humidity  with  additional  water 
added  to  the  bomb  in  an  amount  equal 
to  165  percent  of  the  weight  of  the 
wood. 

The  specimens  heated  in  the  bombs 
were  treated  with  hot  water  to  extract 
soluble  products  that  might  have  been 
formed,  and  were  then  air-dried.  All 
specimens  were  oven-dried,  and  the 
loss  in  weight  and  the  decrease  in  the 
long  dimension  were  determined.  The 
specimens  wre  then  subjected  succes¬ 
sively  to  30,  65,  and  90  percent  rela¬ 
tive  humidity,  and  finally  to  liquid- 
water  immersion  followed  by  condi¬ 
tioning  at  90,  65,  and  30  percent  rela¬ 
tive  humidity.  They  were  weighed  and 
measured  after  coming  to  equilibrium 
at  each  relative  humidity  and  were 
measured  after  water  soaking.  Mois¬ 
ture  content  and  dimension  changes 
relative  to  those  for  the  unheated  con¬ 
trols  were  calculated  for  each  of  the 
exposure  conditions.  As  the  relative 
moisture  content  at  90  percent  rela¬ 
tive  humidity  under  adsorbing  condi¬ 
tions,  and  the  relative  dimension 
change  from  the  oven-dry  to  the 
water-soaked  condition,  best  illustrate 
the  reduction  in  hygroscopicity  and 
the  anti-shrink  efficiency  that  occurs, 
only  this  part  of  the  equilibrium  data 
is  presented  in  figures  1  to  5.  Figure  6 
gives  the  relation  of  antishrink  effi¬ 
ciency  resulting  from  heating  the  dry 
specimens  of  figures  1  to  5  to  the 
weight  loss.  Figures  7  and  8  show  how 
the  relative  equilibrium  values  change 
with  changes  in  exposure  conditions. 

Figure  1  gives  the  relative  property 
changes  that  occur  on  heating  oven- 
dry  sections  in  air  at  300°  C.  for 
different  periods  of  time.  Time  is 
plotted  on  a  square-root  scale  so  as  to 
compress  the  plot  and  to  make  possible 
the  plotting  of  zero  time.  The  slight 
inflection  in  the  curves  for  the  short¬ 
est  heating  times  is,  undoubtedly,  due 
to  the  fact  that  a  good  proportion  of 
this  time  was  required  for  the  speci¬ 
men  to  come  to  the  temperature  of  the 
oil  bath. 

All  previous  heating  experiments  at 
this  high  temperature  have  been  for 
shorter  periods  of  time  (8).  The  fact 
that  a  minimum  relative  hygroscopicity 
and  relative  swelling  are  finally 
reached  has  not  been  previously  ob¬ 
served.  It  is  of  interest  that  the  rela¬ 
tive  hygroscopicity  and  swelling  arc- 
equivalent  up  to  about  the  minimum 
value,  but  beyond  this,  they  diverge. 
It  is  possible  under  these  conditions 


actually  to  obtain  a  negative  dimen¬ 
sional  stabilization,  that  is,  a  stabiliza¬ 
tion  whereby  the  heated  specimen 
swells  more  percentagewise  than  does 
the  control. 

Figure  2  gives  the  corresponding 
data  for  heating  oven-dry  specimens 
at  the  same  temperature  in  nitrogen. 
The  relative  weights  are  but  slightly 
higher  than  when  the  specimens  were 
heated  in  air.  Had  an  appreciable 
amount  of  air  been  available  in  the 
experiments  shown  in  figure  1,  consid¬ 
erably  greater  weight  losses  would 
have  occurred.  It  is  of  interest  that  the 
relative  radial  dimensions,  although 
slightly  higher  than  for  the  specimens 
heated  in  air,  are  practically  the  same 
when  the  comparisons  are  made  at  the 
same  relative  w'eight. 


The  relative  hygro.scopicity  and  rela¬ 
tive  swelling  reach  about  the  same 
minimum  value  as  when  the  specimens 
are  heated  in  air,  but  they  remain  at 
this  value  even  though  there  is  stil'  a 
continued  loss  in  weight  with  increas¬ 
ing  time.  In  this  case,  relative  hygro¬ 
scopicity  and  relative  swelling  ire 
practically  equivalent  over  the  eiv^rc 
range. 

Figure  3  gives  the  data  for  heat  iig 
of  the  oven-dry  and  humidified  sp  i- 
mens  in  the  small  sealed  bombs  at 
300°  C.  It  is  of  interest  that  un  cr 
these  conditions  minimum  rcla' vc 
weight,  radial  dimension,  hygrostrp- 
icity,  and  swelling  values  are  rapi>  ly 
attained  and  that  they  remain  const  nt 
with  continued  heating.  The  values  at¬ 
tained  for  dry  and  for  moist  wood  rc 
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a  tangential  dimension  after  heating 

_  ■  WEIGHT  AFTER  HEATING  i 

O  SUBSEQUENT  EQUILIBRIUM  MOISTURE  CONTENT  AT  90  PERCENT  j 

_  RELATIVE  humidity 

A  SUBSEQUENT  TANGENTIAL  SWELLING  FROM  OVEN-DRY  TO  WATER-SOAKED 


TIME  OF  HEATING  (MINUTES  -  SQUARE  ROOT  SCALE > 


Figure  5. — Effect  on  properties  of  ponderoso  pine  sopwood  cross  sections  when  heated  at 
205°  C.  in  closed  containers  for  different  periods  of  time.  A,  wood  originally  oven-dry; 
B,  at  25  percent  moisture  content;  C,  at  165  percent  moisture  content. 


pra  tically  the  same.  The  more  rapid 
attainment  of  the  minimum  values 
whm  moisture  is  present,  is  presum- 
ablv  due  to  the  better  thermal  con- 
duiiivity  of  moist  wood. 

I  igure  4  gives  similar  data  to 
fig  .re  3,  except  that  the  heating  tem¬ 
per, Uure  was  lower,  namely,  260°  C. 
Til  results  were  similar  except  that 
a  '.■'•nger  time  was  required  to  attain 
the  minimum  relative  property  values. 
Wiien  large  amounts  of  water  were 
pn  -ent  (fig.  4,  C) ,  the  tangential 
dimension  was,  for  some  unexplain- 
abli'  reason,  abnormally  high. 

figure  5  gives  the  data  for  heating 
in  the  bombs  at  205°  C.  In  this  case, 
the  final  relative  weights  and  tangen¬ 
tial  dimensions  are  quite  similar  for 
the  specimens  heated  dry,  for  the 
specimens  heated  at  a  moisture  content 
of  25  percent,  and  for  the  specimens 
heated  in  the  presence  of  a  large  ex¬ 
cess  of  water.  It  is  of  interest  that  the 
relative  hygroscopicity  and  swelling  in¬ 
crease  quite  appreciably  with  an  in¬ 
crease  in  moisture  content.  Stamm  and 
Hansen  (9)  found  that  at  a  still 
lower  temperature  (165°  C.)  a  neg¬ 
ligible  antishrink  efficiency  was  ob¬ 
tained  when  water  was  added  to  the 
bomb,  whereas  significant  antishrink 
efficiencies  were  obtained  when  the 
wood  was  heated  in  the  dry  condition. 
It  was  partially  on  the  basis  of  this 
finding  that  they  postulated  the  for¬ 
mation  of  ether  cross  links.  The  fact 
that  the  presence  of  an  excess  of  mois¬ 


ture  does  not  reduce  the  resulting  anti¬ 
shrink  efficiency  at  260°  to  300°  C., 
as  is  shown  in  figures  3  and  4,  is,  how¬ 
ever,  not  compatible  with  the  old 
hypothesis. 

Figure  6  gives  the  compiled  data 
taken  from  figures  1  through  5  for  the 
antishrink  efficiency  measured  between 
the  oven-dry  and  the  water-soaked 
condition  plotted  against  the  loss  in 
weight.  The  antishrink  efficiency  for 
losses  in  weight  up  to  20  percent  is 
dependent  upon  the  loss  in  weight  ir¬ 
respective  of  whether  the  w'ood  was 


heated  in  air,  nitrogen,  or  in  a  closed 
system.  Beyond  20  percent  loss  in 
weight,  the  curves  deviate  greatly.  The 
antishrink  efficiency  obtained  by  heat¬ 
ing  in  the  bomb  continues  to  increase 
with  increasing  weight  loss.  The  anti¬ 
shrink  efficiency  obtained  by  heating 
in  nitrogen  remains  virtually  constant, 
and  the  antishrink  efficiency  obtained 
by  heating  in  air  decreases  for  weight 
losses  exceeding  20  percent.  A  similar 
relationship  holds  for  the  relative 
hygroscopicity  at  90  percent  relative 
humidi'y.  The  fact  that  relatively  large 


Figur».  6 — Relation  of  antishrink  efficiency  resulting  from  heating 
'ie  dry  specimens  of  figures  1  to  5  to  the  weight  loss. 


MOISTURE  CONTENT  OF  CONTROL  (PERCENT) 


Figure  7. — Relation  of  equilibrium  moisture  content  of  specimens 
heated  under  different  conditions  at  300°  C.  for  different  periods 
of  time  to  the  equilibrium  moisture  content  of  the  control  specimens, 
which  had  been  exposed  to  the  same  relative  humidities  as  the 
heated  specimens. 
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MOISTURE  CONTENT  OF  CONTROL  (PERCENT) 

>1  «06*l  » 

Figure  8. — Relation  of  equilibrium  moisture  content  of  speci¬ 
mens  heated  for  1  to  8  hours  in  air  at  300°  C.  to  the  equilibrium 
moisture  content  of  the  control  specimens,  which  hod  been  exposed 
to  the  some  relative  humidities  os  the  heated  specimens. 


Figure  9. — Effect  of  heating  30-micron  cross  sections  of  sucar 
maple  in  air  at  206°  C.  for  different  periods  of  time  upon  t:  e 
subsequent  specimen  and  vessel  dimensions  measured  at  20  p^  r. 
cent  relative  humidity. 


weight  losses  are  required  to  obtain 
appreciable  reductions  in  hygroscop- 
icity  supports  the  view'  that  cross  link¬ 
ing  is  not  responsible  for  stabilization 
of  wood  by  heat  treatment. 

Figure  7  gives  a  plot  of  the  equi¬ 
librium  moisture  content  of  the  heated 
specimens  against  those  of  the  controls 
under  the  same  exposure  conditions. 
The  data  given  in  this  figure  in  all 
cases  are  fairly  well  represented  by 
straight  lines  through  the  origin.  This 
means  that  the  relative  hygroscopicity 
(moisture  content  of  the  heated  speci¬ 
men  divided  by  that  of  the  control)  is 
practically  independent  of  the  ex¬ 
posure  conditions.  This  is  usually  true 
for  all  woods  stabilized  by  resin  treat¬ 
ments  (10)  and  by  acetylation  (11). 
Antishrink  efficiencies  are  also  vir¬ 
tually  independent  of  the  exposure- 
conditions  for  dimensionally  stabilized 
woods  produced  by  any  of  the  three 
methods. 

Figure  8  show's  that  in  the  case  of 
w'ood  heated  in  air  for  periods  of  time- 
such  that  the  loss  in  weight  exceeds 
20  percent  (fig.  6),  the  relationships 
of  figure  7  no  longer  hold.  The  curves 
are  not  only  displaced  upwards  with 
increasing  time  of  heating  instead  of 
being  displaced  downwards,  but  dis¬ 
tinct  curves  rather  than  straight  lines 
are  obtained.  For  low  moisture  con¬ 
tents,  the  relative  hygroscopicity  is  ac¬ 
tually  increa.sed  tor  wood  heated  for 
2  hours  or  more  at  300°  C.  The  rela¬ 
tive  hygroscopicity,  however,  decreases 
appreciably  with  increasing  moisture- 
content. 


Internal  Dimension  Changes 

On  comparing  the  decrease  in  di¬ 
mensions  with  the  decrease  in  weight 
(figs.  1  to  3),  it  should  be  kept  in 
mind  that  the  decrease  in  dimensions 
refers  to  that  in  the  radial  direction. 
It  would  be  more  appropriate  to  com¬ 
pare  the  percentage  decrease  in  weight 
with  the  percentage  decrease  in  vol¬ 
ume.  Since  dimension  changes  in  the 
radial  direction  are  about  half  of  the 
values  in  the  tangential  direction  for 
the  ponderosa  pine  wood,  and  since 
changes  in  the  longitudinal  direction 
can  be  neglected,  the  weight  changes 
in  figures  f,  2,  and  3  should  be  com¬ 
pared  with  values  corresponding  to 
about  3  times  the  radial  change.  The 
percentage  volumetric  change  is  ap¬ 
proximately  equal  to  the  sum  of  the 
percentage  change  in  the  tangential 
direction  and  the  radial  direction.  If 
the  tangential  change  is  assumed  to  be 
twice  the  radial  change,  the  volumetric 
change  is  3  times  the  radial  change. 
It  will  be  noted  now  that  on  this  basis 
the  weight  changes  and  volume- 
changes  are  of  the  same-  order  of  mag¬ 
nitude.  Thus,  according  to  figure  1, 
after  heating  at  300°  C.  for  30,  60, 
and  120  minutes,  the  weight  changes 
are  30,  41,  and  33  percent,  respec¬ 
tively,  and  the  volume  changes  are  20, 
33,  and  51  percent,  respectively.  Such 
large  volume  changes  are  surprising. 
On  drying  wood,  the  percentage 
volume  change  is  generally  less  than 
50  percent  that  of  the  percentage 
weight  change.  If  it  is  assumed  that 
additional  voids  are  created  on  heat¬ 
ing  wood,  then  the  corresponding  ex¬ 


ternal  volume  change  would  be  x- 
pected  to  be  a  small  fraction  of  .he 
w'c-ight  change.  It  must  be  assuired, 
then,  that  in  addition  to  a  loss  of  vol¬ 
ume  due  to  the  removal  of  wood  Mib- 
stance,  there  occurs  a  decrease  in  .ol- 
ume  of  the  cell  cavities,  which  de¬ 
crease  is  transmitted  to  the  external 
volume  of  the  wood. 

To  check  this,  microscopic  observa¬ 
tions  were  made  of  30-micron-tliick 
cross  sections  of  alpine  fir,  maple,  .md 
ailanthus.  TTie  latter  species  was 
chosen  because  of  its  large,  easily 
measurable  vessels.  Selected  cell  cavi¬ 
ties  were  measured  before  and  after 
heat  treatment.  The  specimens  were 
mounted  in  a  special  microscope  cell 
through  which  humidified  air  was 
passed.  The  specimens  were  first  con¬ 
ditioned  at  20  percent  relative  humid¬ 
ity,  following  which  the  tangential  and 
the  radial  dimensions  of  each  whole 
specimen  between  marked  points,  the 
tangential  and  the  radial  dimension-,  of 
several  marked  vessels  of  the  bird- 
woods,  and  of  several  marked  luivina 
of  tracheids  of  the  softwood  were 
measured  with  an  ocular  micrometer. 
The  specimens  were  then  conditioned 
at  90  percent  relative  humidity,  m  is- 
ured,  and  again  conditioned  at  20  ;  er- 
cent  relative  humidity  and  fneasuKd. 
The  sections  were  placed  betw  en 
pieces  of  platinum  gauze  to  k.ep 
them  flat  and  were  heated  in  a  jack¬ 
eted  tube  (Abderhalden  flask)  v  ith 
nitrobenzene  vapors  (206°  C.)  .or 
various  periods  of  time.  After  cooling, 
they  were  again  placed  in  the  mii  ro- 
scope  cell  and  taken  through  a  20  to 
90  percent  relative  humidity  cycle  to 
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Figure  10. — Effect  of  heating  30-micron  cross  sections  of  sugar 
maple  at  206°  C.  for  different  periods  of  time  upon  the  subse¬ 
quent  dimension  changes  of  the  specimen  and  of  the  vessels 
between  20  and  90  percent  relative  humidity. 


Figure  11. — Relationship  between  relative  toughness'  (ASTM 
method)  and  weight  loss  for  ponderosa  pine  sapwood  cross  sec¬ 
tions  that  were  heated  at  300°  C. 


release  thermal  stresses  resulting  from 
heating.  The  specimens  were  then 
measured  while  at  equilibrium  with  20 
percent  and  90  percent  relative 
humidity. 

Figure  9  gives  the  dimension 
changes  of  sugar  maple  heated  in  air 
at  206°  C.  for  different  periods  of 
time.  The  vessels  show  a  definite  de¬ 
crease  in  diameter  due  to  heating, 
which  is  somewhat  less  than  for  the 
specimens  as  a  whole.  The  same  is 
qualitatively  true  for  the  lumina  of  the 
softwood  specimens,  'which,  because 
of  their  smaller  size,  could  not  be 
measured  with  as  great  accuracy.  Thus 
the  cell  cavities  do  decrease  in  size  on 
heating.  The  externally  observed  de¬ 
crease  in  volume  must  be  due  to  both 
a  removal  of  wood  substance  from  the 
cell  walls  and  to  the  decrease  in  vol¬ 
ume  of  the  cell  cavities.  It  is  not  very 
likely  that  additional  void  volume  is 
created  in  the  cell  walls. 

Ihe  experiment  was  repeated  with 
the  cross  sections  heated  after  thor¬ 
ough  evacuation  with  a  high  vacuum 
pump.  For  a  given  period  of  heating, 
these  specimens  did  not  darken  as 
much  as  did  the  specimens  heated  in 
the  presence  of  air.  The  decrease  in 
tanc.ntial  dimension  of  both  the 
wh( ;'e  specimen  and  of  the  cell  ele- 
men  s  was  less  than  that  of  the  speci¬ 
mens  heated  in  the  presence  of  air; 
hov  ver,  the  ratio  of  the  decrease  in 
tang  ntial  dimension  of  the  whole 
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specimen  to  that  of  the  cell  cavities 
was  approximately  independent  of 
whether  the  specimen  was  heated  in 
the  presence  or  absence  of  air.  Had 
the  heat  treatment  of  the  evacuated 
specimen  been  continued  until  it  had 
darkened  to  the  same  degree  as  the 
specimen  heated  in  air  (that  is,  until 
the  weight  losses  were  the  same),  the 
reductions  in  dimensions  of  the  whole 
wood  and  of  the  cell  cavities  would 
very  likely  have  been  the  same  as  those 
of  the  wood  heated  in  air. 

Figure  10  shows  the  dimension 
changes  of  the  maple  specimens  as  a 
whole  and  of  the  vessels  between  20 
and  90  percent  relative  humidity  for 
unheated  specimens  and  specimens 
heated  for  several  different  periods  of 
time  at  206°  C.  Heating  up  to  10 
hours  had  but  a  slight  effect  upon  the 
subsequent  change  in  dimensions  of 
the  vessels,  whereas  continued  heating 
caused  larger  relative  dimension 
changes  than  occurred  in  the  specimens 
as  a  whole. 

Different  pores  do  not  change  di¬ 
mensions  by  the  same  amount.  Pores 
nearest  to  the  annual  rings,  in  gen¬ 
eral,  change  more  than  those  some¬ 
what  removed  from  the  annual  rings. 
This  same  phenomenon  has  been  ob¬ 
served  for  the  lumina  of  unheated 
wood  (1,  3),  in  which  case  stresses 
caused  by  different  swelling  tendencies 
of  the  different  zones  within  the  an¬ 
nual  ring  cause  individual  lumina  to 


respond  differently,  even  though  sta¬ 
tistically  they  do  not  change  signifi¬ 
cantly  in  size  with  swelling  and 
shrinking  of  the  wood. 

Similar  results  were  obtained  with 
other  samples  of  sugar  maple  and  with 
ailanthus. 

Dimension  changes  for  the  lumina 
of  the  softwood,  because  of  their 
smaller  size,  could  not  be  followed  as 
accurately  as  the  dimension  changes  of 
the  vessels.  Qualitatively,  however, 
the  results  appear  to  be  similar. 

It  is  thus  apparent  that  with  varia¬ 
tions  in  relative  humidity,  not  only 
is  the  corresponding  dimension  change 
of  the  cavities  in  unheated  wood 
small,  but  it  is  also  small  for  cavities 
in  mildly  heated  wood.  With  pro¬ 
longed  heating,  however,  the  dimen¬ 
sion  changes  of  the  cell  cavities  be¬ 
come  pronounced  with  variations  in 
relative  humidity.  Perhaps  this  ac¬ 
counts  for  the  peculiar  behavior  of  the 
relative  swelling  curve  in  figure  1. 
After  mild  heating,  the  cell  cavities 
do  not  change  in  size  on  exposing  the 
wood  to  different  relative  humidities. 
In  such  wood,  the  reduced  swelling 
tendency  is  due  to  the  reduced  hygro- 
scopicity  of  the  wood  substance.  With 
prolonged  heating,  some  of  the  re¬ 
straints  to  dimension  change  of  the  cell 
cavities  are  removed.  Although  the 
swelling  tendency  of  the  wood  sub¬ 
stance  is  reduced,  this  is  more  than 
compensated  for  by  the  pronounced 
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Table  3."— Effect  of  heating  wood  In  molten  metal  upon  the  abrasive  wear 
and  hardness  modulus  ' 


Do. 

Do, 

Low 

Do, 

Do, 


cles 

T«mpera- 

Time 

Approximate  anti-  : 

ture 

shrlnlt  efficiency  : 

o  C. 

Min. 

Percent  : 

8-f Ir, , . 

0 

0 

250 

3 

20  ! 

300 

3 

4o  ; 

birch. • 

0 

0  : 

250 

3 

20  : 

300 

3 

4o  : 

Wear  due 
to  abrasion— 


Inches  per  1,000 
revolutions 

0.05 

,o6 

.09 

.02 

.05 

.07 


Hardness 
modulus  (14) 


P.8.1. 

2,580 
2, 7  JO 
2.520 
5, *150 
5,720 
5,J10 


—Measurements  made  on  Navy  abrader  (2), 

Table  4-.— Effect  of  heating  basswood  In  air  and  In  a  bomb  with  steam  « 


upon  the  abrasive  we^ 


Heating  medium 

Te.mperature 

Time 

Approximate  anti- 

Wear  due  .. 

shrink,  efficiency 

to  abrasion— 

°  G. 

Min. 

Percent 

Inches  per  1,000 

revolutions 

0 

0 

0,10 

Air . . 

300 

10 

.29 

Do . 

300 

20 

50 

,42 

Do . 

300 

60 

4o 

.73 

Steam. .......... 

1^3 

5 

10 

,22 

Do. . 

193 

30 

15 

.13 

Do . 

193 

24o 

20 

.21 

Measurements  made  on  Navy  abrader  (2), 


increase  in  dimensions  of  the  cell  ele¬ 
ments  during  swelling.  This  increase 
in  dimensions  of  the  cell  cavities  is 
transmitted  to  the  external  dimensions 
and  is  reflected  in  an  increase  in  rela¬ 
tive  swelling.  The  swelling  of  severely 
heated  wood  is  comparable  to  the 
swelling  of  a  film  of  gelatin  having 
a  hole  in  it.  The  hole  gets  larger  dur¬ 
ing  swelling,  as  do  the  cell  cavities 
during  swelling  of  the  wood.  No  ex¬ 
planation  can  be  offered  for  the  differ¬ 
ence  in  behavior  of  the  relative  swell¬ 
ing  curves  for  wood  heated  in  air 
(fig.  1)  and  for  wood  heated  in 
nitrogen  (fig.  2). 
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A  few  tests  were  made,  while  it 
was  still  thought  that  the  loss  of  water 
caused  ether  cross  bridges  to  form  be¬ 
tween  cellulose  chains,  to  see  if  boron 
trifluoride  added  to  the  sealed  bombs 
in  which  wood  was  heated,  might 
catalyze  the  desired  reaction.  The  data 
in  figure  6*  show  that  the  same  anti- 
shrink  efficiency  is  obtained  per  unit 
weight  loss  as  for  the  controls,  even 
though  the  rate  of  loss  of  weight  was 
accelerated.  There  is  thus  no  advan¬ 
tage  in  adding  boron  trifluoride. 

^  Thanks  are  due  to  Or.  M.  A.  Millett  for 
obtaininK  these  data. 


Effect  of  Heat  Upon  the  Toughness 
and  Abrasion  Resistance  of  Wood 

Figure  11  gives  the  relative  tough¬ 
ness  (ASTM  method)  versus  ihe 
weight  loss  for  wood  heated  at  i'’ 
C.  for  various  periods  of  time.  It 
shows  that  there  is  no  significant  dilig¬ 
ence  in  the  results  obtained  by  heaii'ig 
in  air  and  by  heating  in  nitrogt  n. 
Specimens  heated  in  air,  in  nitrog  si, 
and  in  sealed  bombs  so  as  to  g  ve 
weight  losses  significantly  greater  t!  .n 
those  at  which  the  curves  of  figure  6 
diverge,  became  so  brittle  that  tixy 
were  difficult  to  handle  without  brt..k- 
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iriL;.  Hence  no  measurements  were 
m.iJe  on  such  specimens. 

OC'ood  heated  so  as  to  attain  a  prac- 
ticil  antishrinlc  efficiency^  between  28 
ai  d  45  percent,  undergoes  a  weight 
lo'-'  of  10  to  20  percent  (fig.  6).  This 
CO  responds  to  relative  toughness  val¬ 
ue  -  of  63  to  32  percent.  As  in  the 
ca  e  of  formaldehyde-treated  wood 
(!1),  the  toughness  loss  is,  however, 
presumably  due  to  a  break-down  of  the 
cciiulose  chains  rather  than  to  a  stiff¬ 
en,  ng  of  the  fiber. 

Phis  type  of  embrittlement  is  much 
more  serious  than  that  caused  by 
stirfcning  of  the  fibers  by  resin  treat¬ 
ment  (3),  as  is  shown  by  the  loss  in 
abrasion  resistance.  Tables  3  and  4 
show  that  wear  under  abrasive  action 
increases  greatly  on  heating.  Wood 
that  gives  an  antishrink  efficiency  of 
40  percent  on  heating  abrades  1.8  to 
3.5  times  as  readily  as  the  unheated 
wood.  In  contrast,  resin  treatment 
causes  only  a  slightly  greater  rate  of 
wear  under  abrasion  conditions  than 
that  for  the  untreated  wood. 

Table  3  also  gives  values  for  the 
modulus  of  hardness  (14).  The  hard¬ 
ness  is  at  first  increased  somewhat  on 
heating.  Very  little  loss  in  hardness 
occurs  even  after  heating  under  con¬ 
ditions  that  give  a  40  percent  anti¬ 
shrink  efficiency.  It  has  been  claimed 
that  for  normal  wood,  hardne.ss  is  a 
^ood  index  of  the  abrasion  resistance. 
In  the  case  of  heated  wood  this  state¬ 
ment  is  far  from  true. 

It  has  been  previously  shown  that 
the  modulus  of  rupture  and  modulus 
of  elasticity  in  bending  are  not  seri¬ 
ously  reduced  when  wood  is  heated  to 
obtain  a  significant  antishrink  effi¬ 
ciency  (4,  8).  Qualitative  tests  indicate 
that  the  shear  strength  of  wood  may 
be  as  seriously  reduced  by  heating  as 
the  toughness  and  the  abrasion  re¬ 
sistance.  On  account  of  the  serious  loss 
in  these  three  properties,  it  is  not 
probable  that  stabilizing  the  dimen¬ 
sions  of  wood  by  heating  will  find 
many  commercial  uses,  especially  as  no 
technique  for  avoiding  the  embrittle¬ 
ment  and  poor  abrasion  resistance 
have  been  found. 

Conclusions 

It  has  been  shown  that  the  dimen¬ 
sional  stabilization  of  wood  caused  by 
heating  under  more  drastic  conditions 
than  those  used  in  seasoning  is  not 
due  to  an  ether  cross-linking  reaction, 
as  was  earlier  supposed. 

Hata  for  the  heating  of  both  paper 
and  wood  in  the  presence  and  in  the 
absence  of  air  indicate  that  air  is  not 
nee  d  to  cause  dimensional  stabiliza¬ 
tion  Up  to  a  weight  loss  for  wood  of 
abont  20  percent,  the  reduced  hygro- 
scof  icity  and  dimension  changes  are 
dtp  ndent  upon  the  weight  loss  and 
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not  upon  the  medium  in  which  the 
wood  is  heated.  The  presence  of  air, 
however,  does  accelerate  offier  sec¬ 
ondary  changes,  such  as  changes  in 
strength,  and  on  prolonged  heating  it 
causes  a  reversal  in  the  stabilization. 

Antishrink  efficiencies  exceeding 
about  45  percent  are  not  obtainable 
by  heating  either  in  air  or  in  nitrogen. 
Wood  heated  in  nitrogen,  unlike  that 
heated  in  oxygen,  maintains  this  op¬ 
timum  antishrink  efficiency  on  pro¬ 
longed  heating  even  though  the  wood 
continues  to  lose  weight.  Higher  anti¬ 
shrink  efficiencies  can  be  attained  by 
heating  in  a  closed  system.  For  any 
one  temperature,  a  constant  weight 
loss  and  antishrink  efficiency  are  rap¬ 
idly  attained,  which  do  not  increase 
with  time.  Presumably,  when  the  re¬ 
action  products  are  not  removed  from 
the  reacting  system,  a  decomposition 
equilibrium  is  attained. 

If  moisture  is  present,  the  same 
equilibrium  values  are  usually  attained 
at  high  temperatures  as  when  moisture 
is  absent,  but  at  a  more  rapid  rate, 
presumably  because  of  the  improved 
heat  transfer.  At  lower  temperatures 
(160°  to  205°  C),  the  presence  of 
moisture  in  the  wood  at  the  time  of 
heating  causes  the  attainment  of  a 
lower  antishrink  efficiency  than  when 
the  wood  is  heated  in  the  dry  condi¬ 
tion.  The  reason  for  this  is  still 
unknown. 

The  percentage  loss  of  volume  on 
heating  is  unusually  large.  This  con¬ 
traction  must  be  due  in  part  to  a  re¬ 
duction  in  the  volume  of  the  cell  cavi¬ 
ties.  Microscopic  observations  have 
shown  that  the  cell  cavities  do  de¬ 
crease  in  dimensions  during  heat 
stabilization.  For  a  given  loss  of 
weight,  the  reduction  in  size  of  these 
cavities  seems  to  be  independent  of 
whether  heating  is  done  in  the 
presence  or  absence  of  air.  It  is  not 
necessary  to  assume  the  formation  of 
submicroscopic  voids  in  the  cell  walls, 
since  such  formation  would  require 
that  the  reduction  in  size  of  the  cell 
cavities  be  greater  than  is  actually 
observed. 


The  great  loss  in  toughness  and  in 
abrasion  resistance  and  probably  in  the 
shear  resistance  of  wood  that  has  been 
given  a  significant  dimensional  stabil¬ 
ization  by  heating,  does  not  appear  to 
be  due  to  oxidation,  but  it  is  inher¬ 
ently  associated  with  the  other  chem¬ 
ical  reactions  that  cause  dimensional 
stabilization.  Unless  some  way  can  be 
found  to  separate  the  dimension- 
stabilizing  from  the  embrittling  reac¬ 
tions,  which  does  not  seem  probable 
at  present,  the  commercial  use  of 
wood  stabilized  in  this  way  will  be 
quite  limited. 
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UNEVEN  COATINGS  ON  WOOD  CAUSE  WARPING 

Unequal  coatings  on  opposite  surfaces  of  a  wood  article  cause  uequal  rates  of 
change  in  moisture  content  and  hence  unequal  shrinkage  on  the  two  sides  of  the  piece. 
The  result  is  that  the  wood  tends  to  cup  or  twist  out  of  shape. 

Coatings  of  nearly  equal  moisture  resistance  should  be  applied  to  all  surfaces  of 
wood  products  if  the  tendency  to  warp  under  changing  atmospheric  conditions  is  to  be 
kept  to  a  minimum.  Tests  at  the  Forest  Products  Laboratory  show  that  no  coating  ap¬ 
plied  on  wood  entirely  prevents  it  from  picking  up  or  giving  off  moisture  and,  conse¬ 
quently,  from  swelling  and  shrinking  under  the  influence  of  varying  atmospheric 
conditions. 

Clear  as  well  as  pigmented  coatings,  regardless  of  type  or  composition,  merely 
decrease  the  rate  at  which  the  moisture  content  changes  in  wotxl  occur.  In  general,  pig¬ 
mented  coatings,  such  as  paint,  are  somewhat  more  effective  in  retarding  moisture 
changes  than  clear  coatings,  such  as  varnish  or  shellac,  and  within  practical  limits  the 
more  coats  applied,  the  slower  will  be  the  moisture  changes. 

Inexpensive  coatings  can  often  be  applied  to  the  backs  of  furniture  or  millwork 
that  will  be  nracticallv  equal  -n  moisture  resistance  to  the  coatings  on  the  exposed 
surfaces.  (See  Technical  Note  No.  181  for  the  relative  moisture-excluding  effectiveness 
of  some  commonly  used  coatings.) — Tech.  Note  No.  D-12,  U.  S.  Forest  Products  Lab. 
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The  Regulation  of  Aeration  in  Wood  Soil 
Contact  Culture  Technique' 

H.  W.  EADES  and  J.  W.  ROFF 

Vancouver,  B.  C.  Laboratory,  Canadian  Forest  Products  Laboratory- 


Need  for  substantial  aeration  of  wood  in  the  soil-block  type  of 
test  is  emphasized.  Attention  is  also  called  to  the  striking  effect  that 
a  special  type  of  ventilation  method  employed  had  in  conserving 
moisture  in  the  test  bottles. 


Summary 

XPERIENCE  WITH  THE  LEUTRITZ 

wood-soil  contact  culture  tech¬ 
nique  at  the  Vancouver  Forest  Prod¬ 
ucts  Laboratory  has  not  hitherto  been 
uniformly  satisfactory.  In  some  cases 
the  amount  of  decay  produced  in 
wood  blocks  by  the  same  fungus  has 
varied  greatly,  and  in  others  growth 
of  the  inoculum  has  been  slow  or  en¬ 
tirely  inhibited.  Search  was  made 
therefore  for  some  factor  which  might 
have  caused  these  variable  results. 

The  aerobic  nature  of  most  wood- 
destroying  fungi  requires  suitable 
ventilation  within  the  culture  jars  to 
permit  passage  of  the  gaseous  prod¬ 
ucts  accompanying  the  decay  process 
and  for  the  admission  of  air.  The 
amount  of  decay  produced  in  each  of 
a  series  of  tests  in  which  wood  blocks 
were  exposed  to  cultures  of  wood- 
destroying  fungi  in  soil  jars  was  more 
constant  when  such  aeration  was  sup¬ 
plied  by  means  of  glass  vent  tubes  in 
the  lids  than  when  the  jars  were  cov¬ 
ered  by  loose  screw  caps.  Wide  varia¬ 
tion  in  fungal  activity  and  subsequent 
rot  development  in  the  blocks  occurred 
in  culture  jars  when  ventilation  was 
restricted  by  the  use  of  tight  screw 
caps.  Where  rubber  stoppers  were 
used,  growth  of  the  fungus  was  soon 
entirely  inhibited. 

By  incorporating  a  glass  vent-tube 
in  the  lids  of  soil  culture  jars  to 
standardize  the  allowed  space  for 
gaseous  interchange  during  decay  of 
wood  test  specimens,  variations  in 
fungal  activity  attributable  to  this 
factor  may  be  minimized  and  the  find¬ 
ings  of  various  workers  employing 
this  technique  more  readily  compared. 

Introdurtion 

At  the  present  time,  in  spite  of  its 
obvious  desirability,  no  universally 
accepted  or  standardized  method  exists 
by  means  of  which  accelerated  decay 
resistance  of  wood,  untreated  or 

*  Contribution  from  the  Vancouver  Laboratory 
of  the  Forest  Products  Laboratories  Division. 
Forestry  Branch.  Department  of  Resources  and 
Development,  Canada. 
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treated  with  preservatives,  may  be 
investigated  in  the  laboratory.  In  this 
connection,  the  Leutritz-  wood-soil 
contact  culture  technique  for  accelerat¬ 
ing  decay  in  laboratory  specimens  of 
wood  has  attracted  favourable  atten¬ 
tion  of  recent  years  and  has  been 
employed  in  a  number  of  institutions, 
so  that  it  has  promised  to  fill  the  need 
for  a  standard  method. 

Briefly,  the  technique  consists  of 
exposing  wood  blocks  to  pure  cultures 
of  decay  organisms  growing  upon 
moist  wood  and  top  soil,  contained  in 
closed  glass  jars  held  in  incubators, 
with  the  resultant  loss  in  weight  of 
the  test  blocks  being  taken  as  a  meas¬ 
ure  of  their  resistance  to  the  fungus 
involved.  The  chief  advantages  over 
the  use  of  a  nutrient  agar  substratum 

-■  Leutritz,  John  Jr.,  Bell  System  Technical 
Journal,  Vol.  25,  No.  1,  pp.  102-135,  Jan. 
1946. 


such  as  has  been  widely  used  by 
European  investigators  are  that  the 
damp  soil  renders  available  a  ci'ii- 
stant  source  of  moisture,  and  the  use 
of  sapwood  feeder  strips  provides  a 
natural  food  supply  for  the  test  fun.;i. 

While  the  requisite  apparatus  is 
simple  and  apparently  easy  to  rep  o- 
duce  in  a  series,  variations  in  resi.  Ts 
have  been  reported  from  various  la  o- 
ratories.  This  also  was  the  experic  vC 
at  the  Vancouver  Forest  Prodi:  is 
Laboratory  where,  in  several  test  servs, 
good  initial  growth  of  the  inocu!  ;m 
was  usually  attained  but  with  acci  n- 
panying  wide  variation  in  the  wei,  ht 
losses  caused  by  identical  fungi.  Tli.re 
was  also  variation  in  the  final  mois¬ 
ture  contents  of  the  blocks  and  of  lie 
soil  substratum,  at  the  end  of  the  ex¬ 
posure  period. 

Searching  for  some  basic  cause  of 
these  irregularities,  it  seemed  likely 
that  erratic  aeration  of  the  jars  was 
responsible.  As  had  been  done  eKe- 
where,  the  jar  caps  or  lids  had  been 
screwed  down  "finger-tight”,  but  lit¬ 
tle  attention  had  been  paid  to  the 


Figure  1. — Comparative  fungol  growth  resulting  from  controlled  ventilation  in  cu  ure 
jars  containing  wood-destroying  fungi,  Poria  monticolo  (jars  1  to  4)  and  Lenzites  trc^ea 
(jars  5  to  8).  Jars  numbered  I  and  5  ore  covered  with  vented  cops;  jars  2  and  6  are 
covered  with  loose  screw  caps;  jars  3  and  7  are  tightly  capped  and  jars  4  and  8  are  stoppered 
with  sealed,  rubber  corks.  NOTE:  Mycelial  growth  which  is  evident  within  the  soil  subsi  ate 
in  each  jar  developed  during  the  initial  incubation  period  before  aeration  was  controlle<.L 
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condition  of  the  paper  seal  provided 
wiih  each  cap.  It  was  thought,  there¬ 
fore,  that  some  air  was  admitted  as  a 
rt  lit  of  incomplete  sealing,  but  that 
tl\  amount  varied  as  between  jars, 
re  lilting  in  erratic  metabolism  and 
et  .itic  growth  of  the  decay-producing 

fu  igUS. 

''•experiments  were  then  set  up  to 
in  cstigate  the  effect  of  various  de- 
gt  es  of  aeration  on  fungal  growth  in 
St  1  jars,  and  to  see  if,  by  regulating 
tl.  amount  of  aeration,  fluctuations  in 
n  ults  within  a  series  might  be 
eliminated. 

Experimental  Procedure 

Garden  top  soil  (pH  5.5)  from  a 
greenhouse  was  air-dried  and  sifted 
through  a  coarse  screen.  Sufficient  tap 
water  was  added  to  the  dry  soil  to 
bring  the  moisture  content  up  to  ap¬ 
proximately  35  per  cent  and  the  mix¬ 
ture  placed  in  a  ball  mill  for  one-half 
hour  to  ensure  uniformity.  Approxi¬ 
mately  250  grams  of  moist  soil  were 
then  placed  in  each  of  32  wide¬ 
mouthed  glass  jars  (8  x  14  cm.)  with 
screw  tops.  The  soil  was  lightly  packed 
and  levelled;  two  thin  feeder  strips 
of  sapwood,  one  of  western  white 
pine  (2  X  6  X  0.25  cm.)  and  the 
other  western  hemlock  (2  x  3  x  0.25 
cm.)  were  placed  upon  the  soil  in 
each  jar,  the  caps  screwed  on  without 
sealing,  and  the  whole  steam-sterilized 
for  one-half  hour  at  15  pounds 
pressure. 

After  cooling,  the  jars  were  re¬ 
moved  and  inoculated  in  a  sterile  cul¬ 
ture  room  with  a  wood-destroying 
fungi — Lenzttes  trabea  or  Porta  mon- 
ticola — a  small  square  of  ino(  ulum  be-* 
ing  cut  from  a  two  weeks  old  culture 
of  the  organism  and  placed  upon  each 
of  the  feeder  strips  so  that;  an  equal 
number  of  jars  contained  pure  cul¬ 
tures  of  each  organism.  The  caps  were 
replaced  without  sealing  and  the  jars 
placed  in  laboratory  incubators  at 
80  °  F.  for  one  month,  when  active 
fungal  growth  was  evident  upon  all 
strips. 

Each  jar  had  been  weighed  empty, 
also  after  insertion  of  the  soil  and 
wood  strips,  before  and  after  sterili¬ 
zation,  and  after  one  month’s  prelimi¬ 
nary  incubation.  The  loss  of  moisture 
from  the  jars  during  the  sterilization 
process  averaged  three  per  cent  of  the 
original  total  weight,  while  during  the 
initial  incubation  period  there  was  a 
further  loss  of  two  per  cent  of  the 
original  weight.  The  moisture  content 
ot  the  soil  mixture  at  the  outset  of 
th-,  test  period  was  therefore  approxi¬ 
mately  30  per  cent,  based  upon  the 
or.ginal  dry  weight  of  the  soil. 

'flocks  used  for  the  test  were  west¬ 
er. i  white  pine  and  western  hemlock 
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Deoay  •baarrad  afbar  4  arantha*  axpoaure  of  16 

waatarn  iriiita  plna  and  8  vaatarn  haolook  blooka  to 
wood'daatroylng  fungi  in  Tontllatad  wood>aoil 
oontaot  oulture  Jara 


Jara  oorared  with  a  wantad  oap* I  Jara  oovarad  with  a  looaa  aorew  oap** 


Blook 

No. 

Wood 

Species 

Loss  due  to 
decay  based 
on  original 
wt.fper  cent) 

Blook 

No. 

Wood 

Speoies 

lAss  due  to 
decay  based 
on  original 
vrt.(per  cent) 

27 

w.w.pine 

61.7 

15 

w.w.pine 

63.5 

28 

ft 

62.8 

16 

n 

63.6 

29 

" 

64.1 

17 

tt 

64.8 

30 

n 

65.1 

18 

tt 

64.7 

31 

n 

53.4 

74 

ft 

49.4 

32 

ft 

62.6 

75 

tt 

63.7 

92 

ti 

53.6 

72 

tt 

60.8 

93 

(1 

58.6 

73 

tt 

63.3 

91 

ft 

64.9 

79 

It 

62.2 

84 

tf 

66.1 

82 

It 

58.4 

94 

If 

65.2 

78 

tt 

64.4 

96 

ft 

60.7 

81 

tt 

56.0 

95 

n 

56.1 

76 

rt 

61.8 

97 

tt 

64.8 

77 

tt 

47.1 

134 

tf 

60.0 

120 

tt 

58.5 

135 

tt 

59.9 

121 

It 

75.6 

46 

w.h'jmlock 

60.4 

40 

w.henlook 

59.8 

47 

tt 

60.7 

41 

tf 

60.4 

48 

tt 

60.4 

106 

tt 

55.0 

115 

tt 

59.0 

105 

tl 

57.6 

114 

tt 

57.2 

109 

tt 

61.9 

116 

tt 

60.0 

108 

ft 

57.7 

117 

tt 

54.0 

107 

tt 

63.5 

145 

tt 

65.6 

139 

tt 

49.0 

average 

61.1 

AVERAGE 

60.1 

{tango  *5»0  to  -7  *5  I  Range  *15  *5  to  -13.0 


6  nna*  glaaa  tuba  inserted  in  the  oentral  plate  of  a  Bernardln  No.  63 
2-pleoa  natal  lid.  sealed  to  the  jar. 

^^Tbe  metal  sorew  oap  oontalnlng  an  oiled  paper  liner,  was  screwed  tight, 
than  released  one-half  turn. 


sapwood,  free  from  visible  defect,  cut 
into  cubes,  approximately  2  square 
centimetres  on  each  face,  numbered 
consecutively,  and  conditioned  to  an 
equilibrium  moisture  content  for  four 
weeks  previous  to  the  test.  Condition¬ 
ing  was  done  in  a  laboratory  appara¬ 
tus  in  which  a  humidified  stream  of 
air  was  drawn  by  means  of  water  suc¬ 
tion  through  a  saturated  salt  solution 
and  passed  over  the  blocks,  which 
rested  upon  wire  mesh  in  an  enclosed 
chamber.  The  solute  employed  was  so¬ 
dium  chloride,  which  maintained  a 
relative  humidity,  at  room  tempera¬ 
ture,  of  76  per  cent  (the  slight  varia¬ 
tions  in  temperature  maintained  this 
figure  within  2  per  cent")  and  re¬ 
sulted  in  an  equilibrium  moisture  con¬ 
tent  which  averaged  1 3  per  cent  for  ail 
blocks  in  the  test. 

After  conditioning,  each  block  was 
weighed,  then  held  with  a  needle  in 
a  jet  of  stc'am.  It  was  then  surface 
sterilized  and  placed  in  one  of  the 
inoculated  jars,  each  block  resting 

®  Htipp,  Henry.  Control  of  atmospheric  humid¬ 
ity  in  culture  studies.  Hot.  Claa.  Vol.  98,  12  pp., 
1936. 


upon  a  sapwood  strip  of  the  same 
species  so  that  each  jar  held  three 
blocks,  two  of  western  white  pine  and 
one  of  western  hemlock. 

The  jars  were  capped  by  four  dif¬ 
ferent  methods: 

a.  Eight  jars  stoppered  with  No.  12 
rubber  corks  cemented  to  the 
glass  by  means  of  a  plastic  solu¬ 
tion. 

b.  Eight  jars  covered  with  screw- 
caps  containing  fresh  oiled  pa¬ 
pered  liners  and  tightened  forci¬ 
bly  by  hand. 

c.  Eight  jars  closed  in  a  similar 
manner  to  method  (b)  but  after 
screwing  down  each  lid  was 
loosened  one-half  turn  (180  de¬ 
grees). 

d.  Eight  jars  closed  with  vented 
caps.  These  caps  were  prepared 
from  Bernard  in  No.  63  domes¬ 
tic  type  two-piece  lids,  consisting 
of  a  thin  circular  metal  plate  and 
an  outer  knurled  ring.  A  strip 
of  rubber  is  attached  to  the  circu¬ 
lar  plate,  which  seals  the  cir¬ 
cumference  of  the  jar  mouth 
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when  the  outer  ring  is  screwed 
down.  A  hole  was  drilled 
through  the  circular  plate  to  ad¬ 
mit  a  short  6  mm.  (O.D.)  glass 
tube  set  at  an  angle  of  45  degrees 
and  sealed  to  the  plate  with  de- 
Khotinsky  cement  (see  plate  1). 
As  the  cement  becomes  liquid  at 
high  temperatures,  these  caps 
were  sterilized  in  boiling  water 
for  3  minutes  before  placing 
upon  the  jars. 

After  closing,  the  jars  were  placed 
in  laboratory  incubators  at  80  -  F.  for 
four  months.  At  the  end  of  the  expo¬ 
sure  period  the  total  jar  weight  was 
recorded,  the  blocks  removed,  and 
after  brushing  off  the  fungous  mat¬ 
ter,  were  immediately  weighed,  then 
placed  in  the  constant  humidity  cham¬ 
ber  for  conditioning,  after  which  they 
were  re-weighed,  oven-dried  and  fi¬ 
nally  weighed  again. 

Results 

Wood  Decay:  Although  two  spe¬ 
cies  of  fungi  were  used  in  the  test, 
LenzHes  trabea  and  Porta  montkola, 
as  well  as  two  wood  species,  western 
white  pine  and  western  hemlock,  re¬ 
sults  were  comparable  in  all  culture 
jars  throughout  the  four  series.  De¬ 
cay  developed  rapidly  in  the  wood 
blocks  contained  in  those  jars  where 
aeration  had  been  allowed,  whereas 
in  the  closed  jars  decay  processes  had 
been  either  completely  inhibited  or 
had  proceeded  spasmodically  (Tables 
1  and  2). 

The  measure  of  fungal  activity,  i.e., 
the  loss  of  wood  weight  due  to  decay 
in  the  blocks,  was  more  constant  in 
the  vented  jars  than  in  those  which 
were  loosely  capped.  While  the  aver¬ 
age  decay  figure  was  only  slightly 
higher  in  the  former  instance — 61.1 
per  cent  of  the  original  conditioned 
weight  as  compared  with  60.1  per  cent 
for  the  latter — the  range  of  individual 
weight  losses  in  the  former  series  was 
much  less,  the  values  lying  within 
-|-5.0  and  -7.5  of  the  average  for  the 
blocks  in  vented  jars  as  compared  with 
a  range  of  -)-15.5  to  -13-0  of  the 
average  for  those  in  the  loosely  capped 
jars. 

Considerable  variation  in  fungal 
activity  was  noted  in  the  8  jars  which 
remained  tightly  closed  with  screw 
caps.  In  4  of  these  jars,  decay  ap¬ 
peared  completely  inhibited,  and  no 
loss  in  weight  was  noted  in  any  of 
the  blocks  contained  in  them.  The 
remainder  of  the  series  exhibited  fun¬ 
gal  growth  varying  from  vigorous  to 
weak,  and  decay  losses  in  the  included 
blocks  ranged  from  67.7  per  cent  to 
2.2  per  cent  of  the  original  condi¬ 
tioned  weight. 


Deoay  losses  observed  after  4  months'  exposure  of  16 
western  white  pine  and  8  western  hemlook  blooks  to 
wood-destroying  fungi  in  unventilated  wood-soil 
oontaot  culture  Jars* 


Jars  tightly  covered  with  a  screw  oap** 

Block 

Wood 

Loss  due  to  decay 

No. 

Species 

based  on  original 
wt.(per  oent) 

5 

w.w.pino 

Nil 

6 

ff 

tt 

7 

If 

tt 

8 

tt 

tl 

70 

fl 

ff7.7 

*No  decay  losses 

71 

fl 

65.7 

were  noted  in 

66 

tt 

66.4 

blooks  inoculated 

68 

tt 

66.4 

with  deoay  fungi 

64 

tt 

Nil 

and  oontained  in 

65 

II 

tt 

Jars  closed  with 

62 

tt 

tt 

rubber  stoppers. 

63 

tt 

tt 

126 

tt 

2.9 

127 

It 

2.2 

128 

" 

2.9 

129 

tt 

8.0 

35 

w. hemlock 

Nil 

j 

36 

tt 

" 

104 

tt 

67.7 

102 

» 

64.2 

101 

tt 

Nil 

100 

tt 

tl 

141 

ft 

24.0 

142 

tt 

53.1 

AVERAOE 

Erratic 

**The  metal  screw  cap  containing  an  oiled  paper  linei;  was 
screwed  down  forcibly. 
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Loss  in  total  wood-soil  weight  from  Jars  oontaining  oultures 
of  wood-destroying  fungi  closed  by  various  methods 
over  a  4-aonth  test  period 


Jars  covered 
with  vented 
cape* 

Jars  covered 
with  loose 
screw  caps* 

Jars  tightly 
covered  with 
screw  oaps* 

Jars 

with 

sto 

sealed 

rubber  | 

ppers 

Jar 

Wt.  loss 

Jar 

Wt.  loss 

Jar 

Wt.  loss 

Jar 

Wt.  loss 

No. 

Per  cent 

No. 

Per  oent 

No. 

Per  oent 

No. 

Per  Cent 

18 

1.3 

13 

11.4 

11 

2.5 

15 

Less  than 
0.1 

19 

0.6 

14 

10.0 

12 

2.9 

16 

tt  tt 

20 

0.6 

25 

11.0 

27 

4.2 

17 

tl  II 

21 

0.6 

26 

10.8 

28 

6.1 

23 

tl  tt 

22 

1.3 

34 

9.6 

33 

4.1 

24 

tl  tt 

29 

1.2 

35 

11.1 

38 

3.2 

32 

fl  ft 

30 

1.0 

36 

11.7 

45 

4.3 

42 

0.2 

47 

0.9 

41 

9.1 

46 

3.4 

43 

Less  than 
0.1 

1 

Average  0.9 

Average  10.7 

Average  3.8 

“““ 

Range  eO.4  to 
-0.3 

Range  ^1.8  to 
-1.6 

Range  *2.3  to 
-1.3 

*See  footnote  Tables  1  and  2. 
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Decay  was  uniformly  inhibited  in 
all  jars  closed  by  means  of  rubber 
stop  pers  and  no  weight  loss  was  en¬ 
countered  in  any  of  the  wood  blocks 
in  ibis  series. 

j.Ioisture  Behaviour:  The  moisture 
contents  of  each  block  were  computed 
immediately  after  four  months’  expo- 
sur  to  decay,  also  the  loss  in  total 
wc.ght  over  the  period  for  the  con¬ 
tents  of  each  jar.  While  in  regard  to 
mo'sture  movement  the  blocks  them¬ 
selves  indicated  inconclusive  results, 
pertinent  information  was  revealed 
by  considering  the  total  wood-soil 
combination. 

In  recording  the  final  total  weight 
of  each  jar  after  the  test  period  and 
comparing  these  with  the  original 
figures,  significant  trends  were  noted 
between  the  three  series  which  com¬ 
prised  those  jars  closed  with  screw- 
type  caps.  In  the  jars  equipped  with 
the  vent  tubes,  only  0.9  per  cent  of 
the  original  total  moist  soil-wood 
weight  was  lost  over  the  four-month 
period;  those  with  the  loosened  caps 
averaged  10.7  per  cent  loss,  while  the 
tightly  capped  jars  lost  an  average  of 
3.8  per  cent  of  this  original  weight. 
The  range  of  weight  losses  for  all 
jars  in  each  series  was  least  in  the 
vented  jars,  being  -(-0.4  and  — 0.3 
in  relation  to  the  average;  in  the 
loosely  capped  jars  the  range  was 
from  -(-1.8  to  — 1.6  and  in  the 
tightly  capped  series  it  was  -(-2.3  to 
— 1.3.  In  jars  of  the  latter  series, 
where  decay  activity  was  spasmodic, 
no  significant  changes  in  weight  were 
observed  to  accompany  these  varia¬ 
tions  (Table  3). 

In  the  case  of  the  rubber-stoppered 
jars,  insignificant  losses  occurred 
amounting  to  less  than  0.2  per  cent 
of  the  original  total  weight,  probably 
attributable  in  part  to  the  evaporation 
of  the  volatile  solvent  from  the  rubber 
cement  outside  the  stopper. 

A  w'ide  variation  was  noted  between 
the  individual  percentage  moisture 
contents,  determined  after  the  four 
month’s  exposure,  of  all  blocks,  in 
each  series  and  the  figure  was  never 
constant  for  any  set  of  three  blocks 
contained  in  one  jar.  The  highest 
values  were  obtained  in  the  vented 
jars  and  averaged  82.3  per  cent  of  the 
final  oven-dry  weight  for  all  blocks  in 
this  series  as  compared  with  56.3  per 
cent  in  the  loosely  capped  jars  and 
•19.0  per  cent  and  40.7  per  cent  in  the 
tight  capped  and  sealed  jars  respec- 
tivdy.  No  correlation  was  apparent 
between  the  absolute  values  of  final 
moisture  content  and  percentage 
weight  loss  caused  by  decay. 

Discussion 

If  is  emphasized  that  the  limited 
nu  Tiber  of  soil  jars  used  did  not  per¬ 


mit  an  intensive  statistical  analysis  of 
the  results.  However,  these  are  suffi¬ 
ciently  uniform  in  regard  to,  first,  the 
amount  of  decay  in  different  jars  and 
in  different  blocks  in  the  same  jar,  and 
secondly,  maintenance  of  a  satisfactory 
moisture  control  in  the  substrate,  to  be 
indicative. 

Averaging  of  decay  losses  resulting 
from  two  different  wood-destroying 
fungi  is  not  a  procedure  to  be  recom¬ 
mended  in  routine  tests,  because  there 
may  be  variation  in  their  aeration  re¬ 
quirements;  but  the  two  fungi  used, 
Lenzites  trabea  and  Poria  monticola, 
demonstrated  similar  aeration  require¬ 
ments.  Also,  they  both  produce  brown 
rots,  and  the  decay  losses  were  so 
nearly  alike  in  both  cases  that  the 
figures  were  averaged. 

The  small  cubes  of  wood  used  for 
exposure  to  the  fungi  were,  within 
each  wood  species,  cut  from  the  same 
annual  rings  in  the  same  piece  of 
wood,  but  no  actual  measurements  of 
specific  gravity  or  density  were  made. 
In  the  practical  application  of  the 
technique  to  a  large  test  series,  it  is 
important  that  the  small  test  blocks 
should  be  as  uniform  in  nature  as  pos¬ 
sible,  should  be  cut  from  the  same 
portion  of  the  tree,  should  be  end 
matched,  and  should  have  a  uniform 
density. 

Some  workers  use  oven-dried  blocks. 
One  of  the  objections  to  this  method 
is  that  internal  stresses  are  likely  to 
be  set  up  during  the  oven-drying 
process,  consequently  making  cavities 
within  the  wood.  Then  there  is  a  pos¬ 
sibility  that  a  certain  amount  of  the 
resins  and  similar  bodies  which  have 
a  close  relationship  with  durability 


might  be  lost  in  the  drying  process.  In 
the  case  of  treated  specimens,  e.g., 
with  creosote  mixtures,  initial  oven¬ 
drying  becomes  very  inadvisable,  not 
only  for  the  above  reasons,  but  also 
because  it  creates  a  pre-treating  condi¬ 
tion  never  found  in  actual  practice. 
A  standard  conditioning  to  an  approxi¬ 
mate  pre-dctermined  moisture  content 
would  appear  to  be  preferable. 

The  advantages  of  the  vented  jar  in 
conserving  moisture,  as  against  the  jar 
with  the  loosened  cap,  are  demon¬ 
strated  in  Table  3.  These  advantages 
might  be  due  to  the  fact  that  the  vent 
tube  provides  a  greater  ventilating 


effect  and  has  a  greater  ventilating 
area.  However,  this  is  not  necessarily 
so,  and  the  causes  of  these  differences 
need  to  be  examined  further. 

Postulating  that  decay  is  an  oxida¬ 
tion  process,  the  reaction  may  be  con¬ 
sidered  as  starting  with  an  intake  of 
oxygen  and  ending  with  the  produc¬ 
tion  of  carbon  dioxide  and  water. 
Since  in  this  study  the  loss  in  wood 
weight  due  to  decay  was,  in  general, 
comparable  for  both  series  (vent- 
capped  and  loose  screw-capped  jars) 
it  is  assumed  that  the  oxygen-carbon 
dioxide  movement  is  similar  for  both 
methods  of  closure.  Moisture  behav¬ 
iour,  however,  is  obviously  different. 

Within  each  cultural  jar,  decay  or 
oxidation  releases  energy  in  the  form 
of  heat,  producing  convection  cur¬ 
rents  (carrying  water  in  vapour  form) 
which  travel  upward,  strike  the  jar 
lid,  turn  horizontally  across  the  lid  to 
the  rim,  then  return  down  the  glass 
sides.  If  some  space  were  allowed 
around  the  rim  of  loose-capped  jars, 
we  assume  that  there  would  be  a 
greater  escape  of  water  vapour  this 
way  than  through  a  small  central  vent 
in  the  cap,  especially  since  this  passage 
is  not  vertical,  but  is  canted  at  an 
angle  of  45  degrees.  As  the  convec¬ 
tion  currents  return  down  the  side,  the 
water  vapour  condenses  and  the  liquid 
returns  to  the  soil.  That  there  are  two 
sets  of  conditions  is  indicated  by  the 
fact  that  there  was  an  actual  increase 
in  the  moisture  of  the  soil-wood  com¬ 
bination  over  a  4-months  period  in  the 
case  of  the  vented  jars  but  a  decrease 
in  the  case  of  the  loose-capped  jars. 

These  reactions  are  indicated  in  the 
following  summary: 

Vented  cap  jars —  Loose  cap  jars— 

(8  jars;  24  blocks)  (8  jars;  24  blocks) 


A  further  advantage  of  the  vented 
jar  over  the  jar  with  the  loosened  lid 
is  that  the  lid  of  the  latter,  if  kept 
within  a  humidified  chamber  (a  com¬ 
mon  practice)  may  rust  to  an  extent 
that  may  block  the  passage  of  gases. 
Furthermore,  it  is  most  difficult  to 
loosen  all  lids  in  a  series  to  exactly 
the  same  extent,  because  of  the  limita¬ 
tions  of  manual  adjustment  and  of 
possible  flaws  in  manufacture. 

Conclusions 

The  action  of  most  fungi  which 
decay  wood  is  accompanied  by  inter- 
(Continued  on  page  94) 


Average  loss  in  total  weight  of  culture  jars,  moist  soil,  feeder  strips 
and  test  blocks,  over  a  period  of  four  months . . 

Average  weight  of  wood  material  lost  from  decay  in  blocks 
within  jars _ _ _ 

DIFFERENCE:  Average  moisture  content  change  within  jars* _ 


2.47  gms. 


5.74  gms. 


3.27  gms. 
(decrease) 


22.46 


♦There  is  a  slight  inaccuracy  in  figuring  here,  since  allowance  has  not  been  made  for  the  loss  in  weight  of 
the  feeder  strips  due  to  decay.  As  each  strip  was  already  partly  decayed  at  the  time  the  original  weights 
were  recorded — that  is,  when  the  test  blocks  were  placed  in  the  jars — subsequent  decay  loss  may  be  con¬ 
sidered  to  be  less  than  0.25  gram  per  strip. 
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Properties  of  Wood 


Treatment  of  Bilgewater  to  Control  Decay  in  the  ' 
Bilge  Area  of  Wooden  Boats' 

THEODORE  C.  SCHEFFER 

Senior  Pathologist,  Division  of  Forest  Pathology,*  Bureau  of  Plant  Industry*,  Soils,  and  Agricultural  Engineering,  Agriculti'ral 
Research  Administration,  United  States  Department  of  Agriculture,  Forest  Products  Laboratory,  Madison  5,  Wis. 


'  Description  of  various  tests  are  given  to  determine  which  chemi¬ 
cals  would  be  most  practical  for  inclusion  in  bilgewater  to  control 
decay.  Requirements  other  than  protection  were  that  chemicals  should 
not  otherwise  deteriorate  the  wood,  that  they  be  non-corrosive  to 
metal,  they  not  have  objectionable  odor.  Orthophenylphenol  and 
pentachlorophenol  appeared  to  meet  the  tests  satisfactorily. 


Introduction 

For  boats  continually  in  normal  sea 
water  (approximately  3.6  percent 
salt),  decay  of  wood  members  below 
the  water  line  is  generally  considered 
not  serious.  But  for  boats  operating 
in  fresh  or  only  brackish  water,  and 
for  boats  that  are  hauled  out  of  the 
water  much  of  the  time  and  therefore 
get  most  of  their  bilgewater  from  rain, 
decay  below  the  water  line  seems  to 
be  sufficiently  common  to  warrant 
measures  to  reduce  it.  Conventional 
practices  for  reducing  hull  decay  in¬ 
clude  ventilation  of  the  bilge  area,  the 
use  of  naturally  durable  w'ood,  and 
brushing  or  dipping  interior  hull  parts 
with  a  wood  preservative.  There  has 
been  some  pressure  treatment  of  cer¬ 
tain  decay-susceptible  members  used  in 
naval  and  fishing-lpoat  construction. 

It  has  been  suggested  that  worth¬ 
while  protection  of  wood  in  the  bilge 
area  might  be  had  in  many  cases  by 
adding  a  fungus-inhibiting  chemical 
to  the  bilge  water.  The  purpose  of  this 
study  was  to  find  suitable  chemicals. 
The  study  was  made  partly  in  coopera¬ 
tion  with  the  Bureau  of  Ships,  Navy 
Department. 

Procedure 

Selection  of  Chemicals  for  Trial: 
Chemicals  were  chosen  for  trial  on  the 
basis  of  the  following  desired  charac¬ 
teristics:  (1)  good  fungus-inhibiting 
capacity,  (2)  safety  in  handling  with 
ordinary  precautions,  (3)  non-corro¬ 
sive  to  metal  fastenings,  (4)  suffi¬ 
ciently  inexpensive  to  permit  replen¬ 
ishment  when  lost  by  pumping  the 
bilge,  and  (3)  free  from  objectiona- 

*  In  cooperation  with  the  Forest  Products 
laboratory,  maintained  by  the  Forest  Service, 
U.  S.  Department  of  Agriculture,  at  Madison. 
Wis.,  in  cooperation  with  the  University  of 
W  isconsin. 

Also  in  cooperation  with  the  Bureau  of 
Ships,  Navy  Department,  on  this  particular 
study. 

“  A  contributed  paper. 


ble  odor.  Certain  of  the  chemicals 
were  not  fully  satisfactory  in  all  these 
respects,  but  they  were  included  be¬ 
cause  they  possessed  other  meritorious 
qualities. 

A  chemical  to  be  used  in  bilgewa¬ 
ter  should  not,  of  course,  impair  the 
strength  of  .wood.  Moreover,  it  pref¬ 
erably  should  not  react  with  the  nat¬ 
ural  preservatives  in  the  wood  and 
lower  their  protective  value;  such  an 
adverse  effect  would  be  inconsequen¬ 
tial  as  long  as  the  chemical  is  present, 
but  it  conceivably  would  favor  decay 
of  normally  resistant  wood  should 
treatment  of  the  bilgewater  be  discon¬ 
tinued.  At  the  outset  the  character  of 
the  chemicals  in  these  respects  was 
not  known  but  was  ascertained  in  the 
course  of  the  study. 

Testing  of  Fungus-Inhibiting 
Quality  of  the  Chemicals:  The 
fungistatic  or  preservative  quality  of 
the  chemicals  was  ascertained  for  so¬ 
lutions  in  concentrations  considered 
most  suitable  for  maintenance  in  bilge¬ 
water.  Two  criteria  of  fungistatic  po¬ 
tency  were  used:  (1)  the  decay  resist¬ 
ance  imparted  to  wood  blocks  by  im¬ 
pregnation  with  the  solutions,  and 
(2)  the  retardation  of  growth  of 
wood -attacking  fungi  by  the  solutions 
in  Petri-dish  toxicity  tests. 

The  tests  on  impregnated  wood  were 
made  by  exposing  the  treated  blocks, 
after  conditioning  them  to  an  air-dry 
state,  to  decay  fungi  growing  in  pure 
culture.  The  amount  of  decay  occur¬ 
ring  in  each  block  was  measured  by 
the  loss  in  dry  weight  of  wood  during 
the  period  of  incubation.  This  was 
usually  2  months.  The  soil-block 
method  of  testing  was  used,  the  essen¬ 
tial  features  of  which  have  been  de¬ 
scribed-.  In  treating  the  blocks,  the 

-Duncan,  C.  Ci.  and  Richards,  C.  A.  19M. 
EvaluatinK  wiiod  preservatives  by  soil-block 
tests:  4.  Creosotes.  AW  PA  Proceedin>;s  47:275- 
287.  1951. 


solutions  were  introduced  with  the  >id 
of  a  partial  vacuum  until  the  wood  a  as 
completely  saturated.  Following  m- 
pregnation,  some  of  the  blocks  v  re 
left  in  the  treating  solution  for  var  'us 
lengths  of  time  up  to  8  months.  'I  lie 
solution  temperature  during  the  si  ik¬ 
ing  period  was  122  °  F. 

The  blocks  in  two  series  of  i  sts 
consisted  of  heartwood  of  white  i  ik. 
Honduran  mahogany,  baldcypress,  iid 
Atlantic  white  cedar.  These  we  ds 
were  chosen  because  of  their  com;  on 
usage  in  boats  and  their  substan  ial 
natural  decay  resistance.  In  each  i.isc 
the  block  size  was  1-1/32  by  3/ i  by 
3/8  inch,  the  shortest  dimensions  ise- 
ing  along  the  grain.  The  blocks  in  a 
third  series  of  tests  were  of  southern 
pine  sapwood,  which  has  very  little 
decay  resistance.  The  size  of  the  pine 
blocks  was  3/4  by  3/4  by  3/4  inch. 

The  Petri-di.sh  toxicity  tests  were 
made  essentially  in  the  manner  de¬ 
scribed  by  Schmitz^'.  Malt  extract 
(2.5  percent)  for  nourishment  of  the 
test  fungi,  was  added  to  the  solutions, 
together  with  enough  agar  (1.5  per¬ 
cent)  to  harden  the  mixture.  The 
fungi  were  transplanted  to  the  sub¬ 
strate  thus  formed,  and  the  growth- 
inhibiting  concentrations  of  a  clumi- 
cal  for  a  particular  fungus  were 
shown  by  the  presence  or  absence  of 
growth  in  the  following  two  weeks. 
If  a  transplant  did  not  grow*,  it  was 
placed  on  plain  malt  agar  medium  to 
ascertain  whether  the  fungus  liad 
been  killed. 

Fungi  used  in  the  tests  on  blocks 
were,  with  the  exception  of  the  lirst 
one  listed,  species  that  have  1*  tn 
found  in  decayed  portions  of  woo  len 
boats*.  These  were:  Ponies  pirn  >ld 
(F.P.  15348-S),  Pomes  rosetis  (M  di- 
son  701),  Lenzites  trahea  (Mad. -on 
617),  Polyporus  versicolor  (i  P. 
72074),  Poria  monticola  (Mad  on 
698),  and  Stereum  frustulostim  ( f  P. 
56461-R).  Three  different  fungi  v  ere 
used  with  each  species  of  wood,  cb  '  ce 

Schmitz.  Henry  and  others.  19.50.  A  ag- 
gested  toximetric  method  for  wood  prts  va- 
tives.  Analytical  Edition.  Industrial  and  Hn- 
gineering  Chemistry,  Anal.  Ed.  2,  SOI,  Oi  :'er 
15.  1930. 

*  Davidson.  Ross  W.,  I.ombard.  France  F-. 
and  Hirt.  Ray  R.  Fungi  causing  deca  in 
wooden  boats.  Mycologia  39  (3):  313-327.  17. 
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in  each  case  resting  on  the  relative 
abilities  of  the  fungi  to  attack  the 
particular  wood  to  be  tested.  Fungi 
used  in  the  Petri-dish  test  were  three 
of  the  foregoing  and  an  additional 
decay  fungus,  Polyportds  tuUpiferus 
(Madison  517),  miscellaneous  molds, 
and  a  blue  stain  fungus,  Ceratoslo- 
India  pilifera  (F.P,  89681).  The  molds 
and  the  blue  stain  fungus  were  in¬ 
cluded  because  the  fundamental  in¬ 
terest  attached  to  this  phase  of  the 
testing  made  it  desirable  to  consider 
a  representative  from  all  major  groups 
of  wood-attacking  fungi. 

Observations  of  Chemical  Damage 
to  Wood;  Tendencies  of  the  chemi¬ 
cals,  in  the  solution  strengths  em¬ 
ployed,  to  weaken  wood  were  not 
measured  directly;  instead,  indirect 
evidence  of  this  was  looked  for  in 
losses  in  weight  and  in  abnormal 
shrinkage  of  the  treated  samples  prior 
to  their  exposure  to  decay.  Either 
weight  loss  or  shrinkage  greater  than 
that  resulting  from  treatment  with 
water  alone  was  regarded  as  evidence 
of  degradation  of  wood  substance  by 
a  chemical. 

Tendencies  of  the  chemicals  to 
lower  the  natural  decay  resistance  of 
the  wood  were  ascertained  by  testing 
the  treated  blocks  after  leaching  them 
for  1  month  in  tap  water  flowing 
through  the  container  (%  gal.)  at 
the  rate  of  approximately  7  gallons 
per  hour.  Here  also,  a  chemical  could 
be  egarded  as  deleterious  only  if  the 
natural  decay  resistance  were  reduced 
mo  e  than  by  similar  exposure  of  the 
wo  id  to  water  alone. 
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Results  of  Tests  of  Borax  and  a 
Borax-Boric  Acid  Mixture 

Borax  and  boric  acid  were  the  first 
chemicals  considered  because  they  are 
fungicidal,  comparatively  inexpensive, 
and  present  no  problem  of  odor  or 
handling.  The  mixture  of  the  two 
made  possible  a  higher  concentration 
of  boron  than  could  be  obtained  at 
ordinary  temperatures  with  borax  alone 
and  it  did  not  involve  the  corrosion 
hazard  that  would  be  presented  by 
boric  acid  alone. 

Decay  Resistance  Imparted  to 
Wood  Blocks:  Amounts  of  weight 
losses  caused  by  decay  in  untreated 
test  blocks  of  white  oak,  mahogany, 
baldcypress  and  Atlantic  white  cedar 
and  in  matched  blocks  that  had  been 
impregnated  with  solutions  of  borax 
and  of  borax  plus  boric  acid  are  listed 
in  Table  1.  The  four  species  of  wood 
were  all  highly  resistant  in  their  natu¬ 
ral  condition  to  one  or  more  of  the 
three  test  fungi  used  on  each.  The 
white  oak  had  high  resistance  to  all 
three  fungi,  the  mahogany  and  white 
cedar  to  two  fungi,  and  the  bald- 
cypress  to  one  fungus.  This  resistance 
remained  in  all  woods  with  the  excep¬ 
tion  of  the  Atlantic  white  cedar  after 
the  blocks  had  been  leached  for  a 
month  in  running  tap  water.  These 
results  merely  characterize  the  wood 
used  and  are  not  to  be  considered  as 
representative  of  the  different  species. 

Treatment  with  solutions  of  borax 
or  borax  plus  boric  acid,  without  sub¬ 
sequent  leaching,  gave  the  blocks 
high  resistance  to  decay  by  all  fungi. 


Thus  the  solutions  would  have  suffi¬ 
cient  potency  for  use  in  bilgewater. 
One  qualifying  factor,  however,  would 
be  the  resulting  physical  damage  to 
tested  species  of  hardwood  which  will 
be  discussed  under  "Effect  on  the 
Physical  Quality  of  Wood”. 

Effect  on  Natural  Decay  Resist¬ 
ance:  Referring  again  to  Table  1,  it 
may  be  noted  that  hardwood  blocks 
that  were  leached  after  chemical 
treatment  were  as  resistant  to  decay 
by  StereHm  jrnstnlosinn  and  by  Poly- 
porns  versicolor  as  the  comparable  un¬ 
leached  blocks.  On  the  other  hand, 
the  resistance  of  the  treated  and 
leached  blocks  of  all  4  species  to  de¬ 
cay  by  Poria  monticola  was  invariably 
less  than  the  natural  amount  and  also 
less  than  in  blocks  that  were  corre¬ 
spondingly  treated  with  water  alone. 
It  must  be  concluded,  therefore,  that 
the  chemicals  had  promoted  the  leach¬ 
ing  of  some  of  the  natural  preserva¬ 
tives  to  which  P.  iHoiiticola  is  particu¬ 
larly  sensitive.  This  influence  of  the 
chemicals  and  the  influence  of  water 
alone,  moreover,  appears  to  have  been 
as  large  with  1  month  of  treating  as 
with  4  and  8  months.  Smaller  and 
less  consistent  reductions  of  natural 
resistance  occurred  in  the  baldcypress 
and  the  white  cedar  against  decay  by 
the  other  fungi. 

Effect  on  the  Physical  Quality  of 
the  Wood:  Treated  and  leached 
blocks  of  the  hardwood  species,  par¬ 
ticularly  the  mahogany,  showed  marked 
damage  by  the  solutions  of  borax  and 
borax  plus  boric  acid.  This  is  brought 
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Tfbie  1.— Weight  losses  caused  by  decay  In  test  blocks  treated  with  tap  water  and  with  solutions  In  tap 
water  of  borcuc  and  of  borax  plus  boric  acid,  and  aubaequently  leached  In  aome  Inatancea^ 


Treating  material!! 

Concen-  : 

Treating 

period 

Subsequent 

White  oak 

Mahogany 

period 

Weight  loss  produced  byl 

Weight  lose  produced  byl 

Porla  : 

Stereum  : 

Polyporus: 

Porla 

Stereum 

:  Polyporus 

montlcola: frustulosum: versicolor : 

montlcola 

frustulosum: versicolor 

Percent  : 

Months 

Months 

Percent 

Percent  : 

Percent 

Percent 

Percent 

:  Percent 

0  : 

0 

25 

30 

4 

None 

0  ; 

3 

Tap  water 

Borax 

1 

0 

4 

4 

.5 

.8 

33 

.1 

4 

3.5  : 

1 

0 

♦2 

1  : 

2 

:  2 

Borax  plus  boric  acid  (3  to 

5  ; 

1 

0 

4  .2 

.2  : 

1 

4l 

2 

;  .8 

Tap- water 

Borax 

1 

1 

S3 

38 

4 

27 

37 

4 .4 

1 

:  4  .7 

:  42 

3.5  : 

1 

1 

.8  : 

0 

Borax  pdus  boric  acid  (3  to  2) 

5  : 

1 

1 

39 

.2  : 

.5 

40 

42 

:  42 

Tap  water 

Borax 

k 

1 

Ph 

P 

7 

28 

38 

:  4  .2 

:  4 

3.5  : 

k 

1 

37 

.4  : 

X  %  .9 

.6 

Borax  plus  boric  acid  (3  to  2) 

5  : 

u 

1 

40 

.3  s 

♦3 

43 

4  .2 

:  2 

Tap  water 

Borax 

8 

1 

23 

33 

26 

38 

3.5  ; 

8 

1 

.4  : 

0 

.6 

:  3 

Borax  plus  boric  acid  (3  to  2) 

5  : 

8 

1 

4l 

.8  : 

0 

43 

.6 

:  +  .6 

Bald  cypress 

Atlantic  irtilte* 

cedar 

Weic^t  loss  produced  byl 

weight  loss  produced  byl 

Ports 

PeSMS 

Lenzltes 

Porla 

Fooes 

:  Femes 

montlcola 

roseus  : 

trabea  • 

montlcola 

roseus 

:  pinlcola 

Percent 

Percent  ; 

Percent 

Percent 

Percent 

:  Percent 

0 

0 

11 

19 

14  : 

17  : 

31 

37 

*  6 

(ioae 

0 

1 

25 

:  20 

Borax 

3.5  : 

1 

0 

♦2 

1  : 

3 

‘  ♦! 

37 

a6 

3 

:  .6 

Borax  plus  boric  acid  (3  to  2) 

5  : 

1 

0 

1 

.7  : 

.1 

2 

5 

:  2 

Tap  water 

Bortuc 

1 

1 

21 

31 

18  : 

20  : 

39 

47 

31 

35 

27 

:  23 

3.5  : 

1 

1 

3 

Borax  plus  boric  acid  (3  to  2) 

5  : 

1 

1 

28 

19  : 

4 

48 

37 

:  24 

Tap  water 

Borax. 

u 

•1 

1 

19 

26 

12  : 
27 

31 

48 

40 

46 

:  15 
;  30 

3.5  ; 

k 

2 

Borax  plus  boric  acid  (3  to  2) 

5  : 

k 

1 

32 

23  : 

k 

46 

29 

:  32 

Tap  water 

Borax 

8 

1 

23 

32 

PO  • 

20 

24 

40 

46 

30 

29 

:  24 

:  32 

:  3.5  : 

8 

1 

23 

Borax  plus  boric  acid  (3  to  2) 

:  5  : 

8 

1 

24 

21  : 

30 

42 

32 

:  39 

iltie  teat  period  was  2  months. 

Values  for 

the  treated 

wood  are  averages  for 

three  blocks; 

values  for  the  untreated  wood  are  averages 

for  six  blocks. 


^orax  was  in  hydrated  form.  The  pH's  of  the  treating  liquids  were  approximately:  tap  water  •  7.S>  borax  -  9.X>  >nd  borax  plus 
boric  acid  -  8.1.  Tap  water  was  used  In  all  respects  like  the  chemical  solutions  as  a  treating  material, 
fenus  (♦)  values  denote  apparent  increases  In  weight. 


out  in  Table  2,  by  considerably  re¬ 
duced  lengths  of  the  chemically 
treated  blocks  in  contrast  to  the 
slight  shortening  of  blocks  that  were 
exposed  to  water  only,  and  likewise 
by  the  relatively  greater  reductions  in 
weight  of  the  chemically  treated 
blocks.  Maximum  effects  in  these 
ways  occurred  in  4  months  of  treating. 
Representative  blocks  treated  for  pe¬ 
riods  of  1  and  4  months  are  pictured 
in  Figure  1. 

The  obvious  alteration  of  wood 
substance  in  the  oak  and  mahogany 
would  preclude  safe  use  of  solutions 
of  borax  and  of  borax  with  boric  acid 
in  bilgewater  in  contact  with  wood  of 
a  hardwood  species. 

Results  of  Tests  of  Phenyl  Mercuric 
Acetate,  Chlor  and  Phenyl  Phe¬ 
nols,  and  Boric  Acid 

As  solutions  containing  borax  would 
not  be  suitable  for  general  use  in 


bilgewater,  attention  was  next  directed 
to  boric  acid,  alone  and  also  in  com¬ 
bination  with  sodium  dichromate  to 
prevent  corrosion,  pentachlorophenol 
and  its  sodium  salt,  trichlorophenol, 
orthophenyl  phenol,  and  phenyl  mer¬ 
curic  acetate.  The  phenols  and  phenyl 
mercuric  acetate  are  extremely  power¬ 
ful  fungicides;  consequently,  they  of¬ 
fered  considerable  promise  in  spite 
of  their  low  solubility  in  water.  More¬ 
over,  if  weak  water  solutions  of  these 
chemicals  would  inhibit  fungus  devel¬ 
opment,  the  chemicals  might  be  dis¬ 
pensed  from  bags  suspended  in  the 
water  and  thus  make  the  practical 
problem  of  maintaining  the  solutions 
through  changes  of  bilgewater  con¬ 
siderably  easier  than  it  would  be  with 
a  highly  soluble  chemical.  Nylon 
bags  apparently  would  be  sufficiently 
lasting.  Cotton  bags  containing  penta¬ 
chlorophenol  in  one  trial  disintegrated, 
and  othophenylphenol  adversely  af¬ 


fected  rayon  in  a  7-month  exposure. 
Nylon  was  unaffected  by  either  of  the 
phenols  after  10  months.  The  sodium 
salt  of  pentachlorophenol  was  in¬ 
cluded  in  order  to  have  information 
about  a  more  water  soluble  phenol  if 
the  members  of  low  solubility  did 
not  prove  sufficiently  effective. 

Decay  Resistance  of  Treated 
Blocks:  In  testing  the  second  set  of 
chemicals,  blocks  of  the  same  four 
kinds  of  wood  were  treated.  A  single 
treating  period  of  1  month  was  u^ed 
throughout,  and  the  treating  was  al¬ 
ways  followed  by  1  month  of  lt.ii.h- 
ing.  The  decay  resistance  of  the  bio  ks 
thus  treated  is  indicated  by  the  weight 
losses  shown  in  Table  3.  The  ch  ni- 
cals  are  arranged  in  increasing  order  of 
average  weight  loss,  that  is,  in  de¬ 
creasing  order  of  decay  resistanci. 

Even  though  subsequently  leae  oed 
for  a  month,  blocks  treated  with  the 
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Tabic  2. — Effect  of  treatment  of  test  blocks  with  tap  water  and  with  solutions  In  tap  water  of 
borax  and  of  borax  blus  boric  acid  on  their  length  and  weight  when  air  dry 


Treating  material-i 

Concen¬ 

tration 

Treating 
period  • 

Subsequent 

leaching 

period 

White  oak 

u 

Mahogany 

ood 

Bald  cypress 

Atlantic 

white-cedar 

Percent 

Mont  ns 

Months 

Percent 

Percent 

Percent 

Percent 

RELATIVE  LENGTH  (ORIGINAL  =  100)- 

C 

0 

100 

lOO 

TOO 

100 

Mone 

C 

1 

100 

1 00  : 

100 

100 

1 

0 

100 

100 

lOO 

100 

Borax 

3.5 

1 

0 

100 

96 

100 

101 

Borax  pl’is  boric  acia  (J  to  2) 

5 

1 

0 

100 

96 

100 

101 

1 

1 

100 

100 

99 

100 

Borax 

3.5 

1 

1 

97 

82 

99 

100 

Borax  jlus  boric  acid  (3  to  2) 

5 

1 

1 

97 

8U 

99 

100 

i 

1 

99 

99 

99 

10c 

Borax 

3.5 

1 

1 

96 

76 

99 

99 

Borax  plus  boric  acid  (3  to  ?) 

5 

1* 

1 

95 

77 

99 

99 

8 

1 

99 

100 

99 

l'''C 

Borax 

3.5 

8 

1 

95 

78 

99 

99 

Borax  t luo  boric  acid  (3  to  2) 

5 

8 

1 

95 

80 

99 

99 

RELATIVE  UEIGHT  (ORIGINAL  =  100)- 

Noi.o 

0 

0 

«  IC'O 

100 

1  0 

100 

Hone 

0 

1 

99 

101 

99 

99 

1 

0 

96 

1  DO 

99 

99 

Borax 

3.5 

1 

0 

93 

ICl 

ICU 

106 

Borax  plur  boric  acid  (3  to  2) 

1 

0 

95 

lOU 

106 

1..'6 

Tap  water 

1 

1 

97 

99 

98 

98 

Borax 

3.5 

1 

1 

92 

9U 

97 

96 

Borax  pluE  boric  acid  ( 3  to  2) 

5 

1 

1 

91 

91* 

97 

96 

h 

1 

96 

100 

98 

98 

Borax 

3.5 

k 

1 

93 

96 

96 

Borax  pltis  boric  acid  (3  to  2) 

5 

u 

:  1 

89 

93 

96 

97 

Tap  water 

:  e 

1 

95 

99 

96 

:  96 

Borax 

:  3.5 

:  8 

:  1 

90 

92 

95 

:  9^* 

Borax  plus  boric  acid  (3  to  2) 

:  5 

:  8 

:  1 

89 

91 

96 

:  95 

ifiorax  wan  in  hydrated  form.  The  pH's  of  the  treating  liquids  were  approximately:  tap  water  -  7.5,  borax  -  9.1, 
and  borax  plus  boric  acid  -  8.1.  Tac  water  was  used  in  all  respects  like  the  chemical  solutions  as  a  treating 
material. 

-Valuer  for  the  treated  wood  are  averages  for  nine  blocks;  values  for  the  untreated  wood  are  averages  for  l3 
blocks. 


phenyl  mercuric  acetate  and  with  all 
the  phenolic  compounds  except  penta- 
chlorophenol  exhibited  a  high  level 
of  resistance  to  all  test  fungi.  Ma¬ 
hogany,  baldcypress,  and  white  cedar 
blocks  treated  with  pentachlorophenol, 
which  was  particularly  dilute,  and 
with  boric  acid  were  not  as  well  pro¬ 
tected  against  decay  by  certain  of  the 
fungi,  primarily  P.  montkola.  Never¬ 
theless,  these  chemicals  were  highly 
effective  in  the  white  oak  and  they 
retained  substantial  preservative  effect 
in  the  other  woods.  Inasmuch  as  the 
blocks  had  been  leached,  it  may  be 
assumed  that  these  preservative  quali¬ 
ties  were  even  more  pronounced  in 
the  wood  previous  to  leaching.  The 
effectiveness  of  the  boric  acid  was  in- 
crea'.d  by  the  small  addition  of  so- 
diuni  dichromate,  particularly  with 
the  oniferous  woods,  cypress  and 
cedj'-  this  result  is  in  line  with  the 
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effect  widely  attributed  to  the  chro¬ 
mates  that  they  reduce  the  leaching 
tendencies  of  certain  water-borne 
wood  preservatives. 

In  the  relative  weight  losses  of 
blocks  treated,  respectively,  with 
chemicals  and  with  water,  there  is  no 
indication  that  any  of  the  chemicals 
had  reduced  the  natural  decay  resist¬ 
ance  of  the  wood  significantly  more 
than  had  water  alone.  Although  the 
treating  period  here  was  only  1 
month,  it  seems  probable  from  indi¬ 
cations  in  the  tests  with  solutions  con¬ 
taining  borax  (Table  1)  that  longer 
treating  periods  would  not  have 
altered  this  situation  significantly. 

Effect  on  the  Physical  Qualities 
of  the  Wood:  The  data  of  Table  4 
were  obtained  in  an  attempt  to  find 
evidence  of  damage  to  the  wood,  as 
reflected  by  reductions  in  weight  and 


length  of  the  blocks  before  they  were 
subjected  to  decay.  As  already  shown 
(Table  2)  the  minimum  relative- 
length  of  blocks  treated  with  plain 
water  for  a  month  and  leached  was 
99  and  the  minimum  relative  weight 
was  97.  With  these  values  as  points 
of  reference  for  zero  effect,  no  signifi¬ 
cant  damage  to  the  wood  by  the 
chemicals  listed  in  Table  4  is  indi¬ 
cated  except,  possibly,  for  boric  acid. 
The  slightly  smaller  relative  weights 
of  some  groups  of  the  boric  acid 
treated  blocks  suggest  mild  action  by 
the  acid,  but  as  there  was  no  apparent 
accompanying  reduction  in  block 
length,  the  action  probably  was  not  of 
practical  significance. 

General  Suitability  of  the  Chemi¬ 
cals:  With  respect  to  fungus- 
inhibiting  potency  and  freedom  from 
harmful  effects  on  wood,  all  the  solu- 
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Table  3.— Weight  lOBses  caused  by  decay  In  test  blocks  treated  for  1  month  with  tap  water  and  with 
solutions  In  tap  water  of  boric  acid,  chloro-  and  phenyl-phenols,  and  phenyl  mercuric 
acetate,  and  subsequently  leached  for  1  month^ 


Treating  material 

Concen¬ 

tration 

Solution 

pH 

.  White  oak  : 

p 

Weight  loss  prt^duced  by—  : 

Poria  :  Stereum  :  Polyporus: 
montlcola: f rustulosum: versicolor : 

Mahogany 

Weight  loss  produced  by- 

Poria  :  Stereum  :  Polypor-,.s 
montlcola: frustulosum:  versicol jr 

Percent 

Percent  : 

Percent  : 

Percent 

Percent  : 

Percent  : 

Percer-. 

Phenylmercurlc  acetate 

■2o.47 

0  : 

0  ; 

0 

0  : 

0  : 

C 

Sodium  pentachlorophenate 

8.1 

("neutral";  0.8l  percent  excess  alkali) 

5 

0 

0 

C 

Sodium  pentachlorophenate 

(technical;  3  to  4  percent  excess  alkali) 

.  5 

9-3 

0 

3 

2,  4,  5  trichlorophenol  (pure) 

:  ^  .08 

6.9 

0  ; 

0  : 

+1 

+2  : 

2  : 

0 

Orthophenylphenol  (pure) 

:  i  .03 

.7  : 

.3  : 

.7 

2  : 

2  : 

C 

Pentachlorophenol  (technical) 

:  i  .0047 

7.5 

0  : 

.3  : 

3 

7  : 

2  : 

4 

Boric  acid  plus  sodium  dichromate  (20  to  l) 

:  4.2 

5.4 

0  : 

0  ; 

0 

30  : 

0  : 

Q 

Boric  acid 

:  4 

5.5 

4  : 

0  : 

0 

25  : 

0  : 

+2 

4 

Tap  water— 

7.5 

.  23  : 

2  ; 

4 

27  : 

+  .4  ; 

-f  . 

Bald  cypress  :  Atlaintlc  white-cedar 

Weight  loss  produced  byS  :  Weight  loss  produced  by— 


:  Poria  : 

Femes 

:  Lenzites 

Poria  : 

Femes 

:  Fomes 

rmonticola: 

roseus 

:  trabea 

montlcola: 

roseus 

:  pinico. 

;  Percent  : 

Percent 

:  Percent 

Percent  : 

Percent 

:  Perce: 

• 

Phenylmercurlc  acetate 

Sodium  pentachlorophenate 

^  .47  : . 

0 

0 

•  0 

0 

8.1 

+2  ; 

C 

("neutral";  0.8l  percent  excess  alkali) 

5 

.  0 

0 

Sodium  pentachlorophenate 

(technical;  3  to  4  percent  excess  alkali) 

5  ; 

9.3 

+2 

0 

;  0  1 

+4 

0  ; 

+9 

2,  4,  5  trichlorophenol  (pure) 

^  .08  : 

6.9 

3 

2 

:  0  : 

+2 

+4  : 

c 

Orthophenylphenol  (pure) 

Pentachlorophenol  (technlcsLl) 

^  .03  : . 

0 

1 

•  .  S 

6 

CD 

r 

•2  .0047  : 

7.5 

2 

3 

:  10  : 

24 

6 

Boric  acid  plus  sodium  dlchromate  (20  to  l) 

4.2  : 

5.1* 

+2 

0 

:  0  ,  : 

24 

9  : 

0 

Boric  acid 

4  : 

5.5 

14 

9 

7  ■  : 

33 

18  : 

11 

k 

Tap  water— 

7.5 

21 

18 

:  3  : 

39 

31  : 

27 

-The  test  period  was  2  months.  Values  for  wood  treated  with  tap  water,  pentachlorophenol ,  and  orthophenylphenol  are  averages  for 
three  blocks.  Othpr  values  represent  a  single  test  block  In  each  case. 

•^lus  (  +  )  values  denote  apparent  Increases  In  weight. 


^The  treating  solutions  were  saturated  with  the  chemicals  at  a  temperature  of  about  75*  F.  Published  Information  Indicates  the 
concentrations  of  the  phenyl  mercuric  acetate  and  the  trlchlorophenol  to  be.  In  distilled  water  at  75*,  about  as  listed  here. 
Distilled  water  solutions  of  orthophenylphenol  and  of  pentachlorophenol  prepared  In  this  Laboratory  were  Indicated  In  analyses 
by  the  Dow  Chemical  Company  to  be  as  listed.  Since  the  solutions  for  testing  were  made  up  In  slightly  alkaline  tap  water, 
the  concentrations  of  the  saturated  phenolic  solutions  presumably  were  somewhat  higher  than  the  listed  values.  Technical 
pentachlorophenol  has  with  It  tetrachlorophenol,  and  because  of  the  greater  water  solubility  of  the  latter  the  solution  of 
pentachlorophenol  also  probably  contained  more  tetrachlorophenol  than  pentachlorophenol. 

—Tap  water  was  used  In  all  respects  like  the  chemical  solutions  as  a  treating  material. 


tions  considered  in  this  series  of  tests 
seemed  reasonably  suitable  for  use  in 
bilgewater.  However,  other  factors  are 
involved.  Phenyl  mercuric  acetate 
might  be  used  in  stored  boats  in 
which  bilgewater  is  maintained  to 
keep  the  seams  tight  or  in  which 
rainw'ater  is  allow'ed  to  accumulate, 
but  it  probably  is  too  expensive  for 
use  in  boats  from  which  the  bilge- 
w'ater  is  pumped  out  frequently.  Also, 
it  might  not  be  acceptable  in  some 
quarters  because  of  the  health  hazard. 


Sodium  pentachlorophenate  is  highly 
soluble  in  w^ater,  and  would  have  to 
be  replenished  after  each  pumping  of 
bilgewater.  The  same  is  true  of  boric 
acid;  moreover,  this  chemical  might 
corrode  metal  fasteners  unless  a  w'ay 
could  be  devised  for  maintaining  an 
adequate  amount  of  corrosion  inhib¬ 
itor  such  as  sodium  dichromate.  The 
trichlorophenol  probably  would  not 
be  desirable  for  boats  in  service  be¬ 
cause  of  its  pronounced  odor,  which 
is  evident  even  in  a  saturated  water 


solution  of  the  chemical.  All  ta<  tors 
considered,  orthophenylphenol  ind 
pentachlorophenol  are  deemed  bes':  for 
general  bilgewater  treatment. 

Results  of  Further  Tests  of  Or.ho- 
phenylphenol  and  pentachloropb  nol 

Since  orthophenylphenol  and  p  ita- 
chlorophenol  appeared  promising  on 
woods  of  substantial  natural  i  ora- 
bility,  a  final  series  of  tests  was  estab¬ 
lished  on  pine  sapwood  to  asce  tain 
the  extent  to  which  saturated  water 
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solutions  of  the  chemicals  might  im-  over,  the  solutions  were  prepared  in  soaked  in  the  treating  solutions  for  a 

part  decay  resistance  to  wood  of  low  distilled  rather  than  tap  watery  thus  month  were  variously  improved  in 

natural  resistance.  Also,  in  order  to  making  the  saturation  concentrations  decay  resistance.  Both  chemicals  re¬ 
learn  something  about  the  fungus-  of  the  chemicals  a  minimum  amount  duced  decay  by  L.  lepideus  more  than 

inhibiting  potency  of  the  solutions  or  approximately  so.  80  percent;  decay  by  the  other  two 

themselves,  the  solutions  were  assayed  Decay  Resistance  of  Treated  Sap-  fungi  was  reduced  approximately  40 
^  tests  ’.  wood  Blocks:  Weight  losses  caused  and  50  percent  by  orthophenylphenol, 

K-  pentachlorophen^ol  used  m  these  decay  in  the  treated  blocks  are  and  20  and  30  percent  by  pentachloro- 

tests  was  pure  rather  than  of  technical  Table  5.  Blocks  that  were  phenol.  The  greater  average  effective- 

grad>  so  that  the  results  obtained  treated,  only  long  enough  to  get  them  ness  of  the  orthophenylphenol  is 

cou.  be  referred  strictly  to  the  func-  impregnated,  decayed  practically  as  attributable  largely  to  the  greater 

^  of  a  single  chemical.  More-  much  as  or  more  than  the  untreated  strength  of  its  saturated  solution. 

=  s  footnote  }.  page  6.  controls.  In  Contrast,  blocks  that  were  Although  the  phenolic  treatments 
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did  not  render  the  blocks  immune  to 
decay,  the  protection  afforded  by 
them  surely  would  be  an  appreciable 
deterrent  to  decay  in  woods  of  low 
natural  resistance  repeatedly  wetted 
by  bilgewater.  It  is  not  clear  why 
treatment  for  1  month  was  effective 
whereas  simple  impregnation  was  not. 
Presumably  with  prolonged  treatment 
the  chemicals  diffused  into  the  wood 
and  accumulated,  at  least  up  to  a 
certain  point,  by  differential  adsorp¬ 
tion.  Even  so,  the  amount  of  chemical 
transferred  to  the  wood  from  the  ex¬ 
tremely  dilute  solutions  must  have 
been  very  small,  the  amount  of  penta- 
chlorophenol,  for  example,  perhaps 
not  exceeding  about  .01  lbs.  per  cubic 
foot,  a  quantity  considerably  smaller 
than  the  amount  needed  to  prevent 
decay  by  treatment  with  pentachloro- 
phenol  in  oil  solution'*. 

The  results  with  purified  penta- 
chlorophenol  give  a  conservative  pic¬ 
ture  of  what  might  be  expected  from 
the  technical  grade  of  this  chemical. 
The  technical  grade  may  contain  as 
much  as  12  percent  of  other  chloro- 
phenols,  which  are  more  soluble  than 
pentachlorophenol  in  water  and  essen¬ 
tially  as  fungicidal. 

Petri-Dish  Toxicity  Tests  of 
Orthophenylphenol  and  Penta- 
chlorophenol:  The  capacity  of  the 
orthophenylphenol  and  of  the  penta- 
chlorophcnol  to  inhibit  the  growth  of 
fungi  on  malt-agar  was  shown  by 
findings  summarized  in  Table  6.  As 
the  concentrations  of  the  solutions 
were  not  known  precisely,  they  are 
given  simply  in  terms  of  the  satura¬ 
tion  amounts  (S)  and  various  dilu¬ 
tions  of  them. 

Of  chief  significance  with  respect 
to  the  potential  protective  value  of 
treated  bilgewater  was  the  complete 
inhibition  of  growth  of  all  the  fungi 
by  the  saturated  solutions,  and  in  three 
fourths  of  the  cases  by  dilutions  of 
these  solutions  ranging  from  1/5  to 
1/2  the  saturation  value.  Moreover, 
in  10  of  the  *2  test  groups  the  fungi 
not  only  wer?  prevented  from  grow¬ 
ing  but  also  were  killed  by  the  chemi¬ 
cals.  folut'O.?:  of  orthophenylphenol 
tended  to  be  more  potent  than  corre¬ 
spond  ng  ones  of  pentachlorophenol, 
but  th^  differ'  nces,  in  general,  are  not 
sufficient  to  be  a  factor  of  choice  be¬ 
tween  the  ch  micals. 

From  this  vidence  it  seems  likely 
that  the  e:  e  'oyed  concentrat'ons-  of 
orthophenylphenol  and  pentachloro¬ 
phenol,  \vh’'e  not  suitable  for  wood 
preservat  on  'n  ordinary  circumstances, 

*  Dun  a  '  fine  G.  and  Richards,  C. 
Audrey.  .  Vs'ood  preservat-ves  by  soil- 

block  tesf^  ect  of  the  carrier  on  pen- 

tachlorophc  tions.  2.  Comparison  of  a 

coal  tar  a  petroleum  containing 

pentachloro  >r  cop  er  naphthenate  and 

mixtures  of  ■  *m.  '■  ’ood-Hreserv.  Assoc. 

Proceedings  ■16  n’-l4S.  1950. 


Table  5.— .Velght  leeeee  caueed  by  decaT  In  poaderoaa  pine 
aapwood  blocke  treated  with  eaturated  eolutlona 


In  aietllled  water  of  orthophenylphenol  and 
pentachlorophenol 


Treatmwnt 

Weight  loae  produced  by:i/ 

Porla  : 

Leneltee 

Lentlnus 

montloola: 

t  re  be  a 

lepldeua 

Percent  : 

Percent 

Percent 

Orthophenylphenol  (pure;  0.03<)^ 

Blocke  Impregnated 

Bloeke  Impregnated,  then  eoaked  In 

32 

31 

27 

the  treating  eolutlon  for  1  month 

18 

19 

4 

Pentachlorophenol  (pure;  0.0016)1)5/ 

Bloeke  Impregnated 

Blocks  Impregnated,  then  eoaked 

40 

40 

25 

for  1  month  In  the  treating 
eolutlon 

24 

25 

5 

No  treatment  (controle) 

36 

31 

30 

1/Valuee  are  aTeragee  for  3  blocka. 

2/Concentratlon  ascertained  by  Dow  Chemical  Co.  on  a 
comparable  eolutlon  prepared  at  this  laboratory. 

3/Approxlmate  concentration;  as  listed  In  published  data  by 
the  Dow  Chemical  Co. 

■  921?'  r 

Table  6.-~Fungus  lahlbltlag  and  Killing  Points  of  Water  Solutions 
of  Pentachlorophenol  and  Orthophenylphenol'^  (Saturation 
Concentration  ■  8) 


Test  fungi 

Pentaobloropbonol 

Or tbopbe  ny Ipben  ol 

Inhibiting 

point 

Killing 

point 

Inhibiting 

point 

Killing 

point 

Miscellaneous  aolds^ 

1/3  S 

1/3  8 

i/e  3 

1/5  3 

Polyporus  versloolor 

S 

8  4- 

8 

8 

Polyporus  tullplferus 

1/2  3 

3 

1/2  3 

1/2  3 

Lenzltes  trabea 

1/3  8 

1/2  8 

1/8  3 

8 

Porla  Bontloola 

1/3  3 

1/3  8 

1/3  3 

8  ♦ 

CeratostoMlla  plllfera 

8 

3 

1/5  3 

8 

l/Aacertalned  by  growth  of  the  fungi  on  malt  agar  medium  In 
which  the  water  phase  contained  various  dilutions  of  the 
respective  pure  chemicals.  Dilutions  were  made  from 
saturated  solutions  In  distilled  water  at  75"  F.;  the 
tests  were  made  at  80*  F.  Regarding  the  concentrations 
of  the  solutions,  see  footnotes  2  and  3,  table  5. 

2A<old  Infection  was  obtained  by  exposing  the  test  medium  to 
the  laboratory  air  for  1/2  hour. 


would,  if  present  in  bilgewater,  pro¬ 
tect  wood  wetted  exclusively  or  fre¬ 
quently  by  the  bilgewater. 

In  preliminary  tests  employing  fresh 
water  and  artificial  sea  water,  addition 
of  these  two  chemicals  caused  no  obvi¬ 
ous  increase  in  corrosion  of  wire  nails 
or  aluminum  strips  in  the  water. 

Summary  and  Conclusions 

A  number  of  chemicals  were  tested 
in  the  laboratory  as  preservatives  for 


possible  use  in  bilgewater  to  con¬ 
trol  decay  of  wood  wetted  by  ^he 
bilgewater.  These  w'ere  borax,  l>oric 
acid,  a  mixture  of  borax  and  b  ric 
acid,  phenyl  mercuric  acetate,  nd 
certain  chlor  and  phenyl  pher  .'Ols. 
Except  for  the  sodium  salt  of  pcita- 
chlorophenol,  all  the  phenolic  com¬ 
pounds  were  tested  in  saturated  v^ter 
solution,  and  the  concentrations  in 
these  cases  were  very  small.  Chemc  als 
(Continued  on  page  95) 
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Properties  of  Wood 


The  Chemistry  and  Chemical  Utilization  of  Beech' 

GEORGE  J.  RITTER 

Chemist,  Forest  Products  Laboratory,®  Forest  Service,  U.  S.  Department  of  Agriculture 


Beech  is  used  extensively  in  the  manufacture  of  well-known 
lumber  products,  but  information  about  the  chemistry  and  chemical 
uses  of  the  wood  is  scant.  This  report  was  prepared  at  the  U.  S. 
Forest  Products  Laboratory  to  provide  a  source  of  information  for 
those  who  are  interested  in  the  chemical  composition  and  utiliza¬ 
tion  of  the  species.  Beech  generally  compares  favorably  to  yellow 
birch  and  hard  maple  in  chemical  attributes. 


Composition  of  Beech  Wood 

UMMATIVE  ANALYSIS:  One  way  to 
study  wood  is  by  a  summative 
chemical  analysis.  In  this  kind  of 
analysis  the  four  primary  chemical  ele¬ 
ments  of  wood — extractives,  ash,  lig¬ 
nin,  and  holocellulose — are  isolated 
and  the  weight  of  each  is  determined 
as  a  percentage  of  total  weight. 

Such  an  analysis  was  made  of  beech 
wood.  In  this  analysis  beech  wood 
was  compared  with  the  wood  of  yel¬ 
low'  birch  and  sugar  maple,  two  hard- 
w'oods  that  are  commonly  associated 
with  beech  (table  1).  The  data  show 
clearly  that  in  chemical  make-up  beech 
is  similar  to  bitch  and  maple. 

In  this  summative  analysis  the  ex¬ 
tractive  component  was  broken  down 
at  the  outset  into  two  subcomponents: 
the  materials  soluble  in  hot  water  and 
the  materials  soluble  in  alcohol- 
benzene  solution.  This  procedure 
shows  up  immediately  any  important 
differences  in  kind  of  extractives. 

This  analysis  was  carried  forward 
to  show  the  differences  between  sap- 
wood  and  heartwood.  The  data  (table 
2)  show  that  beech  sapwood  contains 
a  greater  proportion  of  extractives 
than  heartwood,  that  the  heartwood 
contains  more  ash  and  a  little  more 
lignin,  and  that  sapwood  and  heart- 
wood  contain  almost  the  same  pro¬ 
portions  of  holocellulose. 

Extractives  form  no  part  of  the  wood 
structure.  In  general,  they  can  be  re¬ 
moved  from  the  wood  by  neutral  sol¬ 
vents  such  as  water,  alcohol,  ether, 
alcohol-benzene  solution,  and  acetone. 
Extractives  impart  color,  odor,  taste, 
decay-resistance,  and  corrosive  prop¬ 
erties  to  wood.  After  they  have  been 
removed,  an  extractive-free  wood  resi¬ 
due  r(  mains. 

This  residue  contains  the  structural 
elem,  nts — the  fibers,  wood  rays,  and 
vessc's.  It  also  contains  most  of  the 

‘Sr  nsored  by  Northeast  Technical  Commit- 
.Utilization  of  Beech;  contributed  to  the 
Jourr  . ,  of  the  Forest  Products  Research  Society. 
®  'itained  at  Madison,  Wis.,  in  cooperation 
•  ”  University  of  Wisconsin. 
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minerals  that  make  up  the  ash,  which 
is  left  after  burning  the  lignin  and 
holocellulose.  Any  one  of  the  three 
structural  components,  if  isolated  care¬ 
fully,  will  retain  the  microstructural 
pattern  and  shape  it  had  in  the  orig¬ 
inal  wood  specimen  (26). 3 

Proximate  Analysis:  Next,  more 
intensive  analyses  of  the  four  pri¬ 
mary  components  of  beech  wood  were 
made  (i).  In  these  analyses,  wood 
samples  were  subjected  to  separate  ex¬ 
tractions  with  cold  water,  hot  water, 
alcohol-benzene,  and  ether  (table  3). 
Here  too  sapwood  and  heartwood 
were  analyzed  separately  (table  4). 

*  Numbers  in  parentheses  refer  to  Literature 
Cited. 


Extractives:  Cold -water-soluble  ex¬ 
tractives  include  tannins,  sugars,  col¬ 
oring  matter,  and  salts.  Hot-water- 
soluble  extractives  are  similar;  they 
also  include  starches.  Thus  the  two 
water-soluble  subdivisions  of  the  ex¬ 
tractives  overlap.  Both  occur  in  greater 
concentrations  in  the  sapwood  than  in 
the  heartwood  of  beech. 

Ether-soluble  extractives  include 
oils,  fats,  fatty  acids,  resins,  resin  acids, 
phytosterol,  and  waxes.  The  alcohol- 
benzene  extractives  are  similar  to  those 
soluble  in  ether;  they  also  include  tan¬ 
nins.  Alcohol-benzene  extractives  are 
present  in  larger  amounts  in  the  sap- 
wood  than  in  the  heartwood  of  beech. 
Ether-soluble  extractives  are  more  con¬ 
centrated  in  the  heartwood. 

Ash:  Ash  makes  up  0.4  percent  of 
whole  beech  wood  by  weight  (table 
5).  Like  most  other  wood  ashes,  beech 
ash  is  rich  in  potash.  Other  constitu¬ 
ents  of  beech  ash,  expressed  as  oxides, 
are  phosphorous,  calcium,  magnesium, 
iron,  sulfur,  silicon,  and  sodium. 


Table  1. — Data  from  s'vwAtive  chemical  anal.vsis  of  wood  (1) 


(Based  on  weight  of  oven-dr.y  wood. ) 


Species 

Extractives 

soluble  in — 

Ash 

Lignin 

Holo- 

celluiose 

Total 

Hot 

water 

Alcohol- 

benzene 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Beech 

1.5 

1.0 

0.42 

21.0 

76.5 

100.42 

Birch 

1.3 

l.U 

.40 

19.3 

77.0 

99.40 

Maple 

1.1 

1.2 

.42 

22.3 

75.2 

100.22 

Table  2. — Comparison  of  sapwood  and  he^irt.vood  in  suronative 
chemical  amlysis  ( 1 ) 

(Based  on  weight  of  oven-dry  wood.) 


Extractives 

soluble  in — 

Holo- 

cellulo''e 

Species 

Hot 

water 

Alcohol- 
benzene  ^ 

Ash 

Lignin 

Total 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Beech 

Sapwood 

2.17 

1.37 

0.31 

20.61 

76.20 

100.66 

Heartwood 

.43 

.96 

.57 

22.. •’6 

76.35 

101.07 

Birch 

Sapwood 

1,30 

.97 

.11 

18.56 

79. 5C 

100.44 

Heartwood 

1.29 

1.89 

.50 

20.19 

•76.45 

100.32 

Maole 

Sapwood 

2.08 

1.31 

.32 

20.33 

76.26 

100.30 

Heartwood 

1,20 

1.22 

,84 

21.79 

75.96 

100.01 

Extractives  soluble  in  water  ^nd  alcohol-benzene  determined  on  original  wood. 
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(Ba^ed  on 

weight  of 

oven- dry 

o 

o 

Fxtractives 

soluble  in 

- 

Holocellulose 

Species 

Cold 

water^ 

Hot 

water 

Alcohol- 

benzene 

Ether 

Ash 

Lignin 

mm 

Heni- 

cellu- 

lose 

Methoxyl 

Pentose  r.3 

and 
•<ev  n 
cellulose 

1 

2 

3 

4 

5 

6 

■n 

9 

11 

!•> 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Beech 

1.? 

1.5 

1.0 

0.60 

0.42 

21.0 

50.0 

26.  ^ 

6.3 

5.0 

25.0 

60.5 

Birch 

1.0 

1.3 

1.4 

.30 

.40 

19.3 

U9.7 

27.3 

5.9 

7.4 

26. B 

53.7 

Maple 

1.1 

1.2 

.45 

.42 

22,'^ 

50.0 

2“=. 2 

6.4 

22.3 

60.4 

Fach  of  the  subcomponents  of  extractives  'iet^rr.ined  on  the  original  v.ood. 


The  chemical  elements  found  in 
beech  ash  indicate  that  it  would  be 
useful  as  a  fertilizer — with  the  addi¬ 
tion  of  an  ingredient  that  contains 
available  nitrogen.  Potash  promotes 
development  of  carbohydrates  such  as 
cellulose  and  starch  in  plant  growth; 
it  is  necessary  for  growth  of  strong 
plant  stems  and  good  fruit  and  seed. 
It  is  especially  useful  for  growing  large 
potatoes.  Phosphorus  is  also  important 
in  production  of  fruit  and  seeds. 

Lignin:  Beech  has  a  lignin  content 
of  21.0  percent.  In  this  it  is  interme¬ 
diate  to  birch  and  maple  (table  3). 
The  lignin  content  of  beech  heartwood 
is  slightly  greater  than  that  of  the 
sapwood  (table  4). 

Functionally  lignin  forms  about  85 
percent  and  hemicellulose  15  percent 
of  a  connective  tissue  (middle  lamella) 
that  binds  the  fibers  and  other  struc¬ 
tural  elements  of  wood  together  (i.5). 
Lignin  is  also  diffused  throughout  the 
cellulose  in  the  fiber  wall.  It  is  at  a 
high  concentration  in  the  middle 
lamella,  gradually  becoming  less  con¬ 
centrated  toward  the  fiber  cavity. 

Lignin  adds  stiffness  to  the  struc¬ 
tural  elements.  If  it  occurs  in  too- 
high  concentrations  the  fibers  become 
brittle,  as  in  compression  wood  on  the 
under  side  of  leaning  trees  or  large, 
drooping  limbs.  In  contrast,  tension 
wood,  which  occurs  on  the  upper  sides 
of  leaning  trees  (2),  has  less  lignin 
and  more  cellulose  than  normal  wood. 

Thin-walled  springwood  fibers  that 
have  been  separated  from  one  another 
by  mechanical  maceration  remain  in¬ 
flated;  but  upon  delignification  the;^ 
collapse  to  form  ribbons.  In  their 
double-walled,  ribbon-like  condition 
the  fibers  are  more  flexible  than  in 
their  normally  inflated  or  tubular  con¬ 
dition.  This  explains  why  chemically 
prepared  pulp  produces  more  flexible 
paper  sheets  than  does  mechanically 
prepared  pulp  such  as  groundwood 
or  Asplund  fiber. 

Methoxyl,  which  is  a  minor  chem¬ 
ical  constituent,  should  also  be  men¬ 


tioned.  Beech  wood  is  found  to  con¬ 
tain  6.3  percent  of  methoxyl  (table  3, 
column  9).  Roughly  85  percent  of  the 
methoxyl  in  wood  is  associated  with 
the  lignin;  the  remaining  15  percent 
is  associated  with  the  hemicelluloses 
and  extractives. 

Methoxyl  is  the  nucleus  of  so-called 
"wood  alcohol,”  technically  known  as 
methyl  alcohol  or  methanol.  Methoxyl 
has  the  chemical  formula  of  CH.,0.  If 
a  hydrogen  atom  is  combined  with 
methoxyl,  methyl  alcohol  (CH^OH) 
is  produced.  Thus,  by  removing  meth¬ 
oxyl  from  the  lignin  of  wood  and 
combining  it  with  hydrogen,  it  is  pos¬ 
sible  to  make  methyl  alcohol.  This 
takes  place  in  destructive  distillation. 
Beech,  birch,  and  maple  wood  have 
all  been  used  extensively  in  this  proc¬ 
ess.  This  subject  will  be  discussed  fur¬ 
ther  under  destructive -distillation 
products. 

Since  beech  has  a  normal  lignin 
content  for  hardwoods,  logging  and 
sawmill  wastes  undoubtedly  can  be 
pulped  at  about  the  same  cost  for  beech 
as  for  birch  and  maple.  Data  obtained 
from  chemical  analysis,  however,  pro¬ 


vide  no  information  on  the  phys  •  al 
quality  of  the  fibers. 

Holocellulose :  Holocellulose  i-  a 
white,  fibrous,  lignin-free  solid  m  se¬ 
rial  {17).  It  has  two  subcomponent  — 
alpha-cellulose  and  the  hemicellulo  cs. 

Alpha-cellulose  makes  up  abi  ut 
two-thirds  of  the  holocellulose,  or  50 
percent  of  the  wood  (table  3).  Ii  is 
the  major  ingredient  of  paper.  In 
purified  form  it  is  used  extensi\ely 
in  the  manufacture  of  explosives,  svn- 
thetic  textiles,  and  plastics. 

The  hemicelluloses  make  up  one- 
third  of  the  holocellulose,  or  25  per¬ 
cent  of  the  wood  (table  3,  column  8). 
They  impart  bonding  properties  to 
wood  fibers  in  paper  sheets  and  wet- 
formed  board  products  prepared  from 
crude  wood  fibers. 

In  yield  of  alpha-cellulose  and  hemi¬ 
celluloses,  beech  compares  favorably 
with  birch-  and  maple,  which  are 
acceptable  for  pulp.  Since  the  total 
holocellulose  yield  of  beech  approxi¬ 
mates  that  of  birch  and  maple,  the 
pulp  yield  of  the  three  species  should 
be  comparable. 


Table  4. — Analytical  data  on  sapwood  and  heartwood  (1) 


(Based  on  weight  oT  oven-dry  wood.) 


Analytical 

Beech 

Birch 

Maple  1 

components 

Sapwood 

Heartwood 

Sapwood 

Hea rtwood 

Sapwood 

Heart*  -d  ! 

Percent 

Percent 

Percent 

Percent 

Percent 

Perce: 1 

Of  wood: 

Ash  . 

0.31 

0.57 

0.11 

0.50 

h.32 

O.8..  1 

Extractives 
soluble  in — 

Cold  water 

1.23 

.23 

1.20 

.93 

.81 

.  5. 

Hot  water. 

2.17 

.43 

1.30 

1.29 

2.08 

1.? 

Alcohol-benzene 

1.37 

.96 

.97 

1.89 

1.31 

1.2 

Ether 

.20 

.57 

.36 

.30 

.10 

.e 

Acetyl 

7.13 

6.05 

8.79 

6.11 

6.56 

4.' 

Methoxyl 

6.25 

•6.44 

6.01 

6.04 

6.34 

6.' 

Pentosans 

25.55 

24.49 

26.89 

26.87 

22.78 

22.5 

Lignin 

20.61 

22.26 

18.56 

20.19 

20.33 

21.7 

Cellulose 

60.83 

60.71 

59.36 

58.37 

60.39 

60.2 

Holocellulose 

76.20 

76.85 

79.50 

76.45 

76.26 

75.9 

Of  holocellulose: 

Acetyl 

5.15 

4.76 

6.13' 

5.81 

5.12 

4.f.  1 

Methoxyl 

.95 

1.24 

1.31 

.93 

.83 

Pentosans 

24.46 

23.52 

26.49 

24.94 

22.67 

22.  ^.  J 

80 


SEPTEMBER,  lv53 


Table  5. — Chemical  composition  of  ash  from  beech  wood  (19) 


(Baaed  on  weight  of  oven-dry  ash. ) 


Ash  from — 

Potassium 

oxide 

Phosphorous 

pentoxide 

Calcium 

oxide 

Magnesium 

oxide 

Iron 

oxide 

Sulfur  1 
dioxide 

Silicon 

dioxide 

Sodium 

oxide 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Beech  sapwood 

41.0 

4.6 

26.7 

14.4 

3.5 

4.1 

1.3 

1.1 

Beech  heartwood 

38.7 

1.5 

33.3 

12.8 

2.1 

3.9 

2.1 

.4 

Table  6. --Chemical  itior  f..r  Uir>  (U) 


Acetyls  are  minor  chemical  groups 
associated  with  the  hemicellulose  com¬ 
ponent  of  the  holocellulose.  By  weight 
they  comprise  5.0  percent  of  beech 
wood,  as  compared  with  7.4  percent 
and  5.5  percent  of  birch, and  maple 
respectively  (table  3).  They  are  more 
concentrated  in  the  sapwood  than  in 
the  heartwood  of  all  three  species. 

Composition  of  Bark 

Analytical  data  on  the  composition 
of  bark  {14)  from  beech,  birch,  and 
maple  are  presented  in  table  6.  Note 
that  the  hot-water  solubility  of  beech 
bark  is  greater  than  that  of  the  wood. 
So  is  ether  solubility. 

The  ash  content,  8.3  percent,  is 
many  times  greater  than  that  of  the 
wood.  Lignin  content  is  also  consid¬ 
erably  greater.  Except  for  the  ash  con¬ 
tent,  which  is  extremely  high,  the  ana¬ 
lytical  data  for  beech  bark  approxi¬ 
mate  those  for  bark  of  birch  and 


maple.  No  data  are  available  for  cellu¬ 
lose  or  holocellulose  in  the  bark. 

Composition  of  Beechnuts 

According  to  a  report  by  J.  Russell 
Smith  (20)  beechnuts  have  been  used 
as  feed  for  swine  in  the  New  England 
States.  In  some  sections  woodlands  are 
fenced  with  woven  wire  and  when  the 
beechnut  crop  is  ready  the  hogs  to  be 
fattened  are  turned  into  the  enclosure. 
Smith  reports  that  in  Europe  the  wild 
boar  and  semiwild  hogs  also  feed  on 
beechnuts.  Beechnut  oil  has  been  sub¬ 
stituted  for  butter  in  Europe. 

Beechnuts  contain  the  constituents 
of  a  good  food  (table  7).  They  have 
22  percent  protein,  50  percent  fats, 
and  18  percent  carbohydrates.  One 
pound  of  beechnuts,  according  to 
Smith,  contains  as  much  protein  as 
6.6  pounds  of  milk.  On  burning,  one 
pound  of  beechnuts  •  furnishes  2,740 
calories  of  heat.  On  this  basis  3 
ounces  of  beechnuts  will  replace  20 
ounces  of  milk  in  heat  value. 

Chemical  Utilization  of 
Beech  Wood 

Wood  Sugars:  One  possible  way 
to  utilize  beech  byproducts  from  log¬ 
ging  and  sawmill  operations  is  to  con¬ 
vert  the  waste  materials  into  wood 
sugars  by  acid  hydrolysis. 

If  holocellulose  that  has  been  iso¬ 
lated  from  the  wood  is  treated  with 


dilute  sulfuric  acid  under  controlled 
conditions,  it  can  be  converted  almost 
quantitatively  into  a  mixture  of  sugars 
and  acetic  acid.  Some  water  enters  into 
the  chemical  reaction  and,  as  a  result, 
the  sugars  obtained — plus  the  acetic 
acid — should  theoretically  weigh  about 
11  percent  more  than  the  holocellu¬ 
lose  used.  Under  ideal  conditions  100 
pounds  of  cellulose  material  would 
produce  about  110  pounds  of  sugar. 

The  sugars  obtained  from  the  alpha- 
cellulose  portion  of  the  holocellulose 
are  mostly  hexoses.  Those  obtained 
from  the  hemicellulose  portion  are 
mostly  pentoses.  The  hexoses  can  be 
fermented  to  ethyl  (grain)  alcohol 
by  yeast;  the  pentoses  cannot. 

When  fine  wood  chips  are  hydro¬ 
lyzed  with  acid,  the  holocellulose  in 
them  is  partially  protected  by  the  lig¬ 
nin  and  extractives.  As  a  result,  some 
of  the  sugars  are  destroyed  between 
the  time  the  sugars  form  and  the  time 
they  are  removed  from  the  acid  me¬ 
dium.  Furthermore,  the  acetic  acid  of 
the  holocellulose  is  liberated.  Thus  the 
yield  of  sugars  obtained  from  saw¬ 
dust,  even  in  the  laboratory  under  con¬ 
trolled  conditions,  generally  is  con¬ 
siderably  below  the  theoretical. 

The  yield  was  even  less  when  the 
hydrolysis  was  tried  on  a  pilot-plant 
scale  in  a  large  digester.  (800  pounds 
capacity),  using  chips  and  hogged 
wood  {18).  Table  8  shows  the  yields 


Table  7. — Chemical  composition  of  nuts^  (20) 


Edible  portion 

! 

Kind  of 
nuts 

Refuse 

Moisture 

Protein 

Fats 

Carbohydrates 

(Sugar  and  starch; 
crude  fibers) 

Ash 

Fuel 

value 

per 

pound 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Calories 

3eech 

36.9 

6.6 

21.8 

49.9 

18.0 

3.7 

2,740 

Butternut 

86.4 

4.5 

27.9 

61.2 

3.4 

3.0 

3,370 

•iJalnut 

58.8 

3.4 

18.2 

60.7 

16.0 

1.7 

3,075 

Percentage  yields  are  based  on  weight  of  oven-dry  edible  portions,  except  for  refuse,  for  which 
f  "centage  yields  are  based  on  weight  of  oven-dry  shell  plus  edible  portion. 
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obtained  with  both  laboratory  and 
pilot-plant  methods  (4,  ^). 

Molasses:  In  tests  with  this  pilot- 
plant  digester,  wood  sugars  were  found 
at  about  4  percent  concentration  in  the 
dilute  acid-water  solution  drained  from 
the  digester.  The  acid  was  neutralized 
with  calcium  carbonate  to  convert  the 
sulfuric  acid  to  calcium  sulfate,  which 
was  removed  by  filtration.  From  the 
neutralized  sugar  solution  a  molasses 
that  has  50  percent  sugars  can  be  pre¬ 
pared  by  evaporating  part  of  the 
water  (3). 

Beech  wood  yields  about  50  percent 
sugars — 1,000  pounds  of  sugar  from 
1  ton  of  wood.  Accordingly  it  is  pos¬ 
sible  to  make  1  ton  or  166  gallons 
(2,000  ^12)  of  molasses  having  50 
percent  sugar  concentrations  from  1 
ton  (dry  weight)  of  beech  wood 
(table  8).  Molasses  produced  this  way 
has  been  used  in  experimental  feeding 
tests  with  chickens,  hogs,  and  cattle. 
The  results  were  promising. 

Yeast:  The  yield  of  unferment- 
able  sugars  in  a  pilot  plant  at  the 
U.  S.  Forest  Products  Laboratory  was 
equal  to  17  percent  of  the  dry  weight 
of  the  beech  wood  processed.  These 
sugars,  as  well  as  the  fermentable 
sugars,  are  suitable  for  growing  yeast 
for  stock  feed.  Yeast  yields  from  the 
total  sugar  produced  from  maple  wood 
in  the  pilot-plant  were  25.2  percent 
of  the  sugars. 

Although  no  beech  sugars  were 
used  in  the  experiments  for  propaga¬ 
tion  of  yeast,  they  appear  to  be  suit¬ 
able  for  yeast  culture.  Yeast  is  rich  in 
proteins  and  vitamins  and  has  been 
found  suitable  as  a  substitute  for  part 
of  the  protein  requirements  for  stock 
feed. 

Alcohol:  Wood  sugar  produced 
from  the  alpha-cellulose  portion  of 
the  holocellulose  in  wood  is  mostly  all 
glucose.  It  is  the  same  sugar  that  can 
be  obtained  from  corn  and  cane  and 
sugar  beets.  Yeast  can  convert  this 
glucose  into  ethyl  alcohol,  the  so- 
called  "grain  alcohol”  that  is  present 


Table  8. — Production  of  sugars,  molasses,  yeast,  and 
alcohol  from  mood 


(Based  on  weight  of  oven-dry,  bark-free  wood.) 


Products 

Beech 

Birch 

Maple 

Percent 

Percent 

Percent 

On  laboratory  basis; 

Total  sugars  from  sawdust 

Fermentable  sugars  from  sawdust 

70.1 

52.6 

69.9 

53.1 

68.2 

48.5 

On  pilot -plant  basis; 

Total  sugars  from  hogged  wood 
Feimentable  sugars  from  hogged  wood 
Molasses  from  hogged  wood 

Yeast  from  hogged  wood 

Alcohol  from  hogged  wood 

49.1 

32.1 
100.0 

15.35 

49.1 

32.3 

100.1 

15.45 

48.6 
.  32.0 
100.0 
25.2 
15.3 

Source;  Data  from  Harris,  Saeman,  Leonard,  and  their  associates.  See  Lit?: 
ature  Cited. 


in  beer  and  wine  and  is  widely  used 
in  other  commercial  products  (6,  7, 
11).  This  should  not  be  confused  with 
the  so-called  "wood  alcohol.” 

From  the  glucose  of  beech  wood, 
ethyl  alcohol  can  be  produced  that  is 
equal  in  weight  to  15  percent  of  the 
dry  weight  of  the  wood.  On  this  basis, 
1  ton  of  beech  wood  will  produce  307 
pounds — 46  gallons — of  ethyl  alcohol. 

Destructive-Distillation  Products 

If  wood  is  heated  in  an  oven  from 
which  air  is  excluded,  the  wood  dries 
through  the  loss  of  free  and  adsorbed 
water.  If  the  temperature  is  raised  to 
180°  C.  or  higher,  the  wood  begins 
to  undergo  destructive  distillation, 
during  which  the  so-called  "water  of 
constitution”  is  driven  off.  If  the  tem¬ 
perature  is  raised  further,  to  about 
270°  C.,  the  wood  itself  begins  to 
decompose. 

During  this  stage  four  groups  of 
products  are  obtained:  gases,  pyrolig¬ 
neous  acids,  tars,  and  charcoal.  These 
products  are  derived  from  the  lignin 
and  the  holocellulose.  Charcoal  will 
not  be  discussed  here;  it  will  be  the 
subject  of  another  report  in  this  series. 


Gases:  The  gases  include  carb  )n 
dioxide,  carbon  monoxide,  hydrog  .a, 
and  methane.  The  first  is  an  inert  g  ^s; 
the  other  three  are  combustible  .i  id 
can  be  used  to  produce  heat.  Tlv.se 
gaseous  products  account  for  apprexi- 
mately  15  percent  of  the  weight  of 
the  wood. 

Pyroligneous  Acid:  The  pyrolig¬ 
neous  acid  group — a  solution  of  water- 
soluble  products — comprises  about  34 
percent  of  beech  wood  (table  9).  By 
weight,  water  is  the  major  constituv  nt 
of  the  group.  Acetic  acid  is  the  prin¬ 
cipal  useful  constituent.  It  is  derived 
principally  from  the  acetyl  groups  of 
the  hemicelluloses.  Some  acetic  acid 
may  also  be  derived  from  cellulose; 
this  will  be  discussed  later.  Yields  of 
acetic  acid  by  destructive  distillation  of 
beech  approximate  6  percent  of  the  dry 
weight  of  the  wood  (table  10);  simi¬ 
lar  yields  are  obtained  from  birch  and 
maple. 

Methyl  alcohol  is  also  present  in  the 
pyroligneous  acid  group.  Yield  from 
beech  wood  approximates  2  percent 
of  the  dry  weight  of  the  wood  (table 
10).  This  accounts  for  about  33  per¬ 
cent  of  the  methoxyl  in  the  wood:  the 


Table  9. — Yields  of  pyroligneous  acid,  tar,  and  charcoal  from  wood  (8) 
(Based  on  weight  of  oven-dry  wood.) 


Species 

Pyroligneous  acid  free 
of  tar  and  moisture 

Tars 

Charcoal 

Heart 

Slab 

Mean 

Heart 

Slab 

Mean 

Heart 

Slab 

Mean 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Beech 

32.3 

35.4 

33.8 

9.7 

10.6 

10.1 

43.1 

39.4 

41.2 

Birch 

34.2 

34.3 

34.3 

9.6 

8.5 

9.0 

39.0 

38.1 

CO 

Maple 

33.4 

34.6 

34.0 

IP. 5 

12.3 

12.4 

40.2 

37.6 

38.9 
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Table  10. — Methyl  alcohol  and  aclda  obtained  from  heartwood  and  slaowood 
by  destructive  distillation  (8) 

(Based  on  weight  of  oven-dry  wood.) 


Species 

Grown  in 

Methyl  alcohol 

Total 

acid  as  acetic 

Heartwood 

Slabwood 

Mean 

heart 

and 

slab 

Heartwood 

Slabwood 

Mean 

heart 

and 

slab 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Beech 

Indiana 

1.95 

1.79 

1.87 

5.56 

6.18 

5.87 

Birch 

Pennsylvania 

1.62 

1.59 

1.60 

6.19 

6.10 

6.15 

Maple 

Pennsylvania 

1.9/. 

1.78 

1.86 

5.66 

i.Uk 

5.55 

otl’er  67  percent  has  been  shown  to 
octar  as  derivatives  in  the  form  of 
methane  among  the  gases  and  methyl 
anvi  methoxy  derivatives  of  phenol  in 
the  tar  group  of  destructive-distillation 
pn/iucts  (8). 

I'ars:  Tars  constitute  about  10  per- 
cei  :  of  beech  wood  (table  9) .  In 
thi  e  tars  have  been  found  traces  of 
fonnic,  propionic,  and  valeric  acids 
an  •  phenolics.  This  indicates  that  some 
of  fhe  constituents  of  the  pyroligneous 
aci  1  also  occur  in  the  tars  in  minute 
an'.ounts.  Besides  these  acids,  some 
other  basic  materials  have  been  identi- 
liec  among  the  tar  constituents.  They 
include  ammonia,  methylamine,  di- 
mtthylamine,  trimethylamine,  and  py¬ 
ridine  and  its  methyl  derivatives. 

Tractions  of  the  tars  have  been 
shown  to  have  toxic  properties — simi¬ 
lar  to  those  of  coal-tar  creosote — 
toward  wood-destroying  micro-organ¬ 
isms.  Beech  wood,  because  of  the 
pleasing  flavor-producing  properties  of 
its  creosote,  is  considered  comparable 
to  hickory  for  smoking  meats.  Creo¬ 
sote  prepared  from  beech  tar  is  also 
used  extensively  in  medicinal  products. 

Klason  (9,  10)  distilled  some 
woods,  the  cellulose  from  the  same 
woods,  and  cotton  cellulose.  He  found 
(table  11)  that  beech  wood  yielded 
approximately  35  percent  of  its  weight 
in  charcoal,  as  compared  with  33  per¬ 
cent  produced  by  its  cellulose.  Spruce 
and  pine  wood  also  produced  more 
charcoal  than  their  celluloses  did;  birch 
wood  was  an  exception.  Cotton  cellu¬ 
lose,  on  the  other  hand,  produced 
greater  yields  of  charcoal  than  any  of 
the  woods  did. 

With  the  exception  of  birch,  the 
woods  also  produced  more  tars  than 
did  their  celluloses  or  the  cotton  cel¬ 
lulose.  Acetic-acid  yields  were  greater 
from  the  woods  than  from  their  cellu¬ 
loses;  this  indicates  that  some  of  the 
acetyl  was  removed  from  the  cellu¬ 
loses  during  their  isolation  from  the 
wood.  Methyl-alcohol  yields  were 
higher  from  the  wood  than  from  the 
celluloses,  which  is  explained  by  the 


fact  that  only  a  small  portion  of  the 
total  methoxyls  of  the  wood  is  asso¬ 
ciated  with  the  cellulose. 

Chemically  Modified  Woods 

Beech  and  other  woods  have  been 
modified  by  combinations  of  chemical 
and  physical  treatments  so  as  to  im¬ 
prove  their  properties  for  special  use 
requirements.  Beech  was  converted  to 
two  products  known  as  "Lignostone” 
and  "Lignofol”  in  Germany  before 
World  War  II  (73). 

Lignostone:  Solid,  dry  beech  wood 
was  cut  to  the  required  sizes,  evacu¬ 
ated  of  air  in  a  chamber,  and  impreg¬ 
nated  with  a  solution  of  partially  pre¬ 
polymerized  synthetic  resin  (such  as 
Bakelite)  at  100°  C.  under  6  to  8 
atmospheres  pressure.  The  temperature 
was  gradually  increased  to  130°  C. 
for  5  hours. 

This  treatment  increased  the  density 
and  part  of  the  strength  properties  of 
the  wood  and  imparted  some  moisture 
resistance  and  dimensional  stability. 
The  wood  product  has  been  put  to  use 
as  parts  for  textile  machines,  bearing 
plates,  beaters,  wood  hammers,  rail¬ 
ing,  skiis,  and  cog  wheels. 

Lignofol:  Lignofol  was  prepared 
from  beech  veneer.  The  veneer  plies 
were  glued  together  with  a  synthetic 
adhesive,  which  was  applied  to  the 
surfaces  of  the  plies  and  allowed  to 
diffuse  into  the  plies  before  high  tem¬ 
peratures  and  pressures  (5,000  pounds 


per  square  inch)  were  applied  for 
curing  the  glue.  The  plies  were  ar¬ 
ranged  either  parallel  or  with  some 
cross-bonding,  depending  on  the  use 
requirements  for  the  finished  product. 

This  material  has  been  put  to  use 
in  airplane  parts,  machine  parts  for 
the  textile  industry,  and  molds  and 
forms  for  use  in  the  shaping  of  metals. 

Impreg,  Compreg,  Staypak:  Simil- 
lar  modified  wood  products  have  been 
developed  by  American  research  lab¬ 
oratories  (27).  They  include  Impreg, 
which  is  similar  to  Lignostone;  Com¬ 
preg,  which  is  similar  to  Lignofol;  and 
Staypak,  a  heat-stabilized,  compressed 
wood  that  has  been  heated  during  the 
pressing  process  under  conditions  such 
that  the  compression  is  not  lost  when 
the  wood  subsequently  swells. 
Although  Staypak  swells,  it  will  re¬ 
turn  to  practically  its  original  com¬ 
pressed  thickness  on  drying. 

Beech  wood  has  not  yet  been  used 
in  making  Impreg,  Compreg,  or  Stay¬ 
pak,  but  it  is  believed  to  be  suitable 
for  making  them.  Such  products  made 
from  beech  should  have  properties 
similar  to  those  made  from  compar¬ 
able  hardwoods. 

Wax  Treatment:  A  wax  treatment 
for  beech  was  also  developed  in  Ger¬ 
many  (72).  Solid  beech  wood  was 
impregnated  with  a  solution  of  mon¬ 
tan  wax  dissolved  in  trichlorethylene. 
This  was  done  in  a  tank,  from  which 
air  was  evacuated.  The  wood  was  im- 


Table  11, — Distillation  products  from  wood,  wood  cellulose,  and  cotton  (9,  10) 
(Based  on  weight  of  oven-dry  materials.) 


Products 

Beech 

Birch 

Spruce 

Cotton 

cellulose 

Wood 

Cellulose 

Wood 

Cellulose 

Wood 

Cellulose 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

C!  arcoal 

34.97 

32.91 

31.80 

33.39 

37.81 

34.86 

37.83 

36.93 

38.82 

8.11 

5.23 

7.93 

9.58 

8.08 

6.28 

11.79 

4,85 

4,18 

A  Stic  acid 

6.04 

3.50 

7.08 

3.89 

3.19 

2.79 

3.50 

2.18 

1.39 

P  *-hyl  alcohol 

2.07 

.19 

1.60 

- 

.88 

.07 

.96 

trace 

— 

P  thane 

.47 

.39 

.54 

.47 

.62 

.22 

.59 

.27 

,27 
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pregnated  with  the  warm  solution  at 
130°  C.  and  8  atmospheres  pressure 
until  the  desired  amount  of  wax  had 
been  absorbed. 

Excess  pressure  was  then  released 
and  trichlorethylene  vapor  was  gener¬ 
ated  by  heating  the  tank.  The  vapor 
forced  the  excess  solution  into  the 
supply  tank,  which  was  then  shut  off 
with  a  valve.  The  trichlorethylene 
vapor  was  distilled  in  a  vacuum  and 
passed  into  a  condensing  unit.  The 
high  vacuum  and  expansion  of  the 
residual  air  in  the  wood  removed  the 
trichlorethylene  and  water  from  the 
wood. 

The  author  says  that  the  treatment 
produces  a  wood  product  suitable  for 
bobbins,  beaters,  cog  wheels,  frames 
for  filter  presses,  tool  handles,  and 
shoe  lasts. 

Summary 

Results  of  a  proximate  analysis  in 
which  the  four  major  components  of 
beech  wood  were  broken  down  into 
their  subcomponents  show  that  the 
percentages  of  extractives,  ash,  lignin, 
holocellulose,  alpha-cellulose,  hemicel- 
luloses,  methoxyl,  acetyl,  pentosans, 
and  Cross  and  Bevan  cellulose  of 
beech  wood  closely  approximate  the 
percentages  of  the  corresponding  com¬ 
ponents  of  yellow  birch  and  hard 
maple. 

These  findings  indicate  that  beech 
is  on  a  par  with  birch  and  maple  for 
the  production  of  alpha-cellulose  for 
cellulose  derivatives;  for  the  produc¬ 
tion  of  wood  sugars,  molasses,  yeast, 
and  ethyl  alcohol;  and  for  the  pro¬ 
duction,  by  destructive  distillation,  of 
methyl  alcohol,  acetic  acid,  and  char¬ 
coal. 

Beech  bark,  like  the  bark  of  birch 
and  maple,  has  more  than  one-third 
of  its  weight  in  lignin.  Beech  bark  is 
especially  high  in  ash  content. 

Beechnuts  are  valuable  as  a  food  for 
animals  such  as  hogs.  They  contain 
ample  amounts  of  protein,  fats,  and 
carbohydrates. 
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A  FACTORY  METHOD  FOR  TESTING  HARDNESS  OF  GLUE  JOINTS 

Woodworkers  have  found  that  glues  are  usually  moreabrasive  than  wood  and  that  tools  dull  rather  quickly  in  the 
machining  of  glued  products.  Some  glues  are  harder  thanothers,  and,  if  the  glue  line  of  a  joint  made  with  a  very  hard 
glue  is  allowed  to  pass  its  entire  length  several  times  over  the  same  spot  in  a  planer  or  jointer  knife,  a  nick  is  very  likely 
to  develop  that  is  expensive  to  remove.  In  many  cases,  there-fore,  it  would  pay  a  manufacturer  to  select  a  glue  for  his  par¬ 
ticular  requirements  that  is  the  least  abrasive  of  those  havingthe  qualhies  he  desires. 

The  Forest  Products  Laboratory  suggests  the  followingtest  to  determine  the  comparative  hardness  of  joints  made 
with  different  glues. 

A  number  of  pieces  of  wood  (preferably  softwoods)  areglued  together  face  to  face,  each  individual  joint  being  pro¬ 
duced  with  one  of  the  glues  to  be  tested.  Since  the  effect  onthe  knife  depends,  in  part,  on  the  thickness  of  the  glue  line 
as  well  as  the  type  of  glue,  the  gluing  procedure  should  bethe  same  as  that  most  commonly  used  in  the  plant.  After  the 
laminated  block  has  been  allowed  to  condition  for  a  week  ormore,  one  edge  is  cleaned  of  excess  glue  and  squared  up. 
The  block  is  then  run  repeatedly  over  a  jointer  in  such  a  way  that  each  glue  line  passes  over  only  one  spot  in  the  cut¬ 
ter.  The  depths  of  the  respective  nicks  caused  by  the  hardglue  lines  are  then  a  rough  measure  of  the  abrasiv  effect 
of  the  glues. 

It  is  rather  difficult,  however,  to  detect  differences  in  thenicks  by  a  mere  visual  inspection.  A  better  means  of  com¬ 
parison  is  afforded  if  a  smoothly  planed  softwood  board  isrun  across  the  dull  knives.  The  accompanying  illustration 
shows  a  soft  pine  board  that  has  been  run  across  the  jointerknives  in  the  manner  described.  In  this  case  the  nicks  were 
the  result  of  jointing  a  laminated  block  in  which  17  differentvarieties  of  commercial  glues  were  used.  The  block  was  run 
over  the  jointer  repeatedly  until  about  60  linear  feet  of  eachglue  line  had  passed  over. — Tech.  Note  No.  223,  U.  S.  Forest 
Products  Lab. 


84 


SEPTEMBER,  1‘53 


International 


Wood  Research  in  the  Philippine  Republic 


Ai  THE  SPRING  MEETING  of  the 
.  Morthern  California  Section  of 
the  Forest  Products  Research  Society  a 
trap -Pacific  telephone  conversation 
was  held  between  FPRS  members  in 
Qlifornia  and  those  in  the  Philippine 
Rcf  ablic.  The  purpose  of  the  conver¬ 
sation  was  to  emphasize  the  fact  that 
FPKS  members  throughout  the  world 
are  working  together  to  improve  the 
use-'  of  wood  through  research  and  that 
the  Society  serves  as  a  vital  means  to 
disseminate  new  research  information 
for  the  benefit  of  the  industry  in  all 
parts  of  the  world. 

Excerpts  from  the  conversation  fol¬ 
low; 

Good  evening  gentlemen.  This  is 
James  C.  Rowney  speaking.  Program 
Chairman  for  the  Spring  meeting  of 
the  Northern  California  Section  of 
the  Forest  Products  Research  Society, 
which  is  being  held  in  the  Californi.a 
Room  of  the  Palace  Hotel  in  San 
Francisco,  May  6,  19S3.  My  able 
assistant  is  Mr.  Harvey  H.  Smith  of 
the  U.  S.  Forest  Experiment  Station 
in  Berkeley,  California.  The  unique 
part  of  this  meeting  is  that  while 
we  are  meetng  here  in  San  Francisco 
at  8  P.  M.  this  evening.  May  6th, 
it  is  11  A.  M.  May  7th  tomorrow, 
Manila  time.  The  people  responsible 
for  putting  on  this  demonstration  of 
radio  telephone  are  the  RCA  Com¬ 
munications,  Inc.  under  the  personal 
direction  of  Vice  President  Mr. 
Harry  E.  Austin  and  our  own  na¬ 
tional  Vice  President,  Mr.  Lester  J. 
Carr  who  invited  Mr.  Florenzio 
Tomasas,  Dean  of  Forestry,  Univer¬ 
sity  of  the  Philippines  to  have  a 
meeting  simultaneously  with  ours  in 
Manila.  Mr.  Tomasas,  here  is  Mr. 
Carr. 

Carr:  Hello,  Mr.  Tomasas.  How 
are  you  ? 

Tomasas:  Fine,  thanks. 

Carr:  That’s  good.  I  appreciated 
very  much  getting  your  letter.  We 
have  some  53  people  here  at  this 
meeting.  How  many  do  you  have  at 
your  meeting  there? 


Pc  able  equipment  used  to  transmit 
FPRS  International  Forum. 


Tomasas:  We  have  about  30  out¬ 
side  of  the  regular  members  of  the 
Society.  We  have  here  important 
people  interested  in  research  and  for¬ 
est  products.  We  also  have  here  the 
representatives  of  M.  S.  A. — two  of 
them  who  have  been  very,  very  help¬ 
ful  in  trying  to  get  the  Forest  Prod¬ 
ucts  Laboratory  installed  within  a 
short  time  on  this  island.  I  think  we 
had  a  little  message  from  Mr.  Good 
— if  you  don’t  mind. 

Good:  It  is  nice  to  hear  your  voice 
now  at  your  meeting  in  San  Fran¬ 
cisco.  We  have  been  working  on  the 
Forest  Products  Laboratory  over  here 
and  we  have  ordered  the  equipment. 

It  will  be  coming  in  this  fall.  The 
building  we  hope  to  get  going 
within  the  next  six  months  and  we 
hope  in  another  year  the  institution 
will  be  a  going  concern. 

Carr:  That  is  very  interesting  to 
all  of  the  people  who  are  gathered 
here.  We  would  like  to  have  an  an¬ 
swer  to  one  question.  Are  you  re¬ 
ceiving  all  of  your  publications  from 
the  Forest  Products  Research  Soci¬ 
ety? 

Good:  Yes,  yes. 

Carr:  How  does  the  present  stand¬ 
ard  of  these  publications  appeal  to 
you  fellows  over  there?  Are  they 
satisfactory? 

Good:  I’m  going  to  let  Mr.  Toma¬ 
sas  speak  for  that. 

Tomasas:  Hello,  Mr.  Carr.  The 
publications  that  you  have  been  send¬ 
ing  out  have  been  very,  very  help¬ 
ful.  I  wish  that  they  could  get  out 
more  to  the  people  who  are  really 
interested  and  there  are  quite  a  num¬ 
ber  of  people  who  are  intere.sted  in 
joining  the  society  and  as  soon  as  the 
Forest  Products  Laboratory  is  up  1 
think  we  will  have  a  very  good 
bunch  of  people  who  are  really  in¬ 
terested  in  the  re.search  work. 

Carr:  Well,  that’s  very  good.  I’m 
glad  to  hear  that.  We  will  send  you 
a  bunch  of  membership  blanks  from 
the  Society.  We  are  recording  this 
conversation  so  that  when  we  have 
our  National  Annual  Meeting  of  the 
Society  on  June  15  we  are  going 
to  play  the  record  of  this  conversa¬ 
tion  for  the  interest  of  the  entire 
society.  They  are  all  highly  inter¬ 
ested  in  the  meeting  that  you  are 
having  and  the  fact  that  we  can  get 
together  on  the  telephone  hook-up 
and  discuss  what  has  been  going  on. 
In  our  meeting  here  today  we  have 


been  going  over  the  different  phases 
of  barking  logs  which  was  very  in¬ 
teresting. 

Tomasas:  Yes,  I’m  sure  it  was. 

Carr:  We  also  had  one  paper  pre¬ 
sented  on  die-electric  heating  on  < 
hard  board  production.  Does  that 
sound  interesting  to  you? 

Tomasas:  Oh  yes,  very  much  inter¬ 
esting. 

Carr:  We  will  have  the  secretary 
of  this  Northern  California  Section 
of  the  Society  send  you  the  preprints 
of  these  papers  and  we  would  like 
to  receive  some  sort  of  communica¬ 
tion  from  you  on  the  papers  you 
presented  at  your  meeting  today. 

Tomasas:  We  will  give  you  what 
we  will  be  actually  doing  in  the  next 
few  months  along  the  line  of  re¬ 
search.  We  have  already  worked  out 
certain  w'ork  in  connection  with  the 
National  Research  Council.  You 
know  we  are  very  poor  people  and 
we  hope  to  ask  for  donations  here 
and  there  in  order  to  carry  on  the 
work  and  with  the  help  of  the  Na¬ 
tional  Research  Council  we  were  able 
to  do  a  little  work,  for  example,  on 
the  control  of  the  Russian  (  ?)  beetle 
as  to  whether  they  are  getting  in  our 
logs  before  shipping  abroad — that  is 
some  of  the  work  we  have  more  or 
less  been  completing. 

Carr:  That  is  very  interesting. 
Now  I  have  another  gentleman  here. 
Prof.  Romero  Fritz  of  the  University 
of  California. 

Fritz:  Tell  them  we  want  to  send 
greetings  from  the  University  of 
California  Forestry  School. 

Tomasas:  Well,  I  am  returning  the 
greetings  of  the  College  of  Forestry 
of  the  University  of  the  Philippines 
and  also  this  group  of  the  Forest 
Products  Research. 

Fritz:  You  will  be  interested  to 
know  that  the  Forest  Products  Labo¬ 
ratory  which  is  to  be  built  at  the 
University  of  California  is  to  be  a 
fact  and  they  broke  ground  this  last 
week. 

Tomasas:  We  expect  that  our 
Forest  Products  Laboratory  won’t  be 
behind  what  you  are  doing  in  the 
States. 

Carr:  Hello,  Mr.  Tomasas.  This  is 
Carr  again.  Before  I  break  off  on  this 
end  I  want  to  tell  you  that  we  would 
appreciate  your  keeping  in  touch 
with  us  with  the  national  office  of 
the  Forest  Products  Research  Society 
at  Madison. 

Tomasas:  I  shall. 
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Seasoning 


Industry  Payoff  in  Lumber  Seasoning' 

J.  M.  McMILLEN 

Technologist,  Forest  Products  Laboratory,*  Forest  Service,  U.  S.  Department  of  Agriculture 


Describes  how  the  fruits  of  research  in  lumber  seasoning  have 
been  brought  to  the  attention  of  industry  through  kiln-drying  demon¬ 
strations  throughout  the  nation.  Examples  of  practical  advantages  of 
applying  results  of  research  are  given.  Author  points  out  that  despite 
tremendous  accomplishments  in  seasoning  that  have  taken  place  in 
the  past  seven  years,  the  industry  must  strive  for  still  more  economical 
drying.  He  points  the  way  to  future  advancements  in  the  field  of  study¬ 
ing  of  stresses  that  develop  in  wood  during  drying  and  the  ability  of 
wood  at  different  stages  of  drying  to  withstand  these  stresses. 


SEVEN  YEARS  ACiO  this  Summer  a 
small  crew  of  U.  S.  Forest  Products 
Laboratory  staff  members  carried  a 
message  of  better  lumber  seasoning  to 
the  wood-using  industry.  In  the  kiln- 
drying  demonstrations  that  this  crew 
put  on,  improved  seasoning  practices 
could  be,  and  were,  strongly  recom¬ 
mended  because  they  rested  on  solid 
research  results  that  the  Laboratory, 
other  research  institutions,  and  indus¬ 
try  had  obtained.  To  those  of  us  who 
had  a  part  in  this  undertaking,  it  has 
bten  gratifying  to  see  the  extent  to 
which  these  practices  have  been  put 
into  use.  Warping  and  associated  waste 
have  been  tremendously  reduced  by 
means  of  sticker  guides  and  automatic 
stackers,  drying  times  have  been 
shortened  and  quality  of  drying  im¬ 
proved  by  new  kiln  schedules,  case- 
hardening  and  its  resultant  planer 
splitting  have  been  banished  by  equal¬ 
izing  and  conditioning  procedures,  old 
kilns  have  been  tuned  up  or  replaced 
by  modern  forced-circulation,  auto¬ 
matically  controlled  kilns,  and  many 
new  kilns  have  been  installed  where 
no  kilns  existed  before. 

When  I  had  a  chance  to  visit  the 
woodworking  industry  early  this  year, 
it  was  a  pleasant  surprise  to  see  the 
vast  contrast  between  the  conditions 
today  and  those  existing  in  1946.  It 
occurred  to  me  that  this  is  a  good  time 
to  look  back  in  review  over  the  whole 
movement  and  to  try  to  count  up 
some  of  industry’s  solid  accomplish¬ 
ments  from  application  of  the  research 
results.  It  is  perhaps  easier  for  me  to 
do  this  because  I  have  not  been  so 
close  to  the  job  as  those  of  the  Labo¬ 
ratory’s  staff  who  had  a  more  vital 
part  m  it. 

*  Presented  by  E.  F.  Rasmussen  at  meeting 
of  the  Forest  Products  Research  Society,  Ohio 
Valley  Section,  April  2},  1953,  at  Louis¬ 

ville,  Ky. 

*  Maintained  at  Madison,  Wis.,  in  coopera¬ 
tion  with  the  University  of  Wisconsin. 


Although  this  is  largely  the  story 
of  the  U.  S.  Forest  Products  Labora¬ 
tory’s  part  in  the  country’s  improve¬ 
ment  in  lumber  seasoning,  and  of  the 
benefits,  I  fully  realize  that  it  was  a 
partnership  enterprise  with  industry. 
Credit  also  must  go  to  the  Forest 
Utilization  Service,  the  arm  of  the 
Laboratory  operating  from  most  of  the 
Forest  Experiment  Stations  located 
throughout  the  country.  The  FUS  men 
arranged  cooperation  with  industry 
and  kept  up  contact  between  the  Labo¬ 
ratory  and  industry. 

Extension  of  Research  Findings 
to  Industry 

Before  going  into  the  industry  pay¬ 
off,  let  us  first  review  what  happened 
to  bring  it  about. 

Research  Basis  for  Information: 
In  the  first  place,  there  was  a  solid  re¬ 
search  basis  for  the  information  given 
out  at  the  kiln-drying  demonstrations. 
Even  before  1910,  Mr.  Tiemann  was 
gathering  information  on  the  physical 
properties  of  wood.  After  the  estab¬ 
lishment  of  the  Laboratory  that  year, 
he  and  others  continued  to  gather  in¬ 
formation  on  wood-moisture  relations. 
Safe  kiln  schedules  were  set  up  in  the 
twenties.  Studies  on  southern  hard¬ 
woods  in  the  thirties  brought  out 
more  practical  kiln  schedules.  They 
also  gave  us  basic  information  on 
what  happens  inside  of  wood,  so  far 
as  internal  stresses  and  strain  are  con¬ 
cerned,  during  the  drying  process. 

During  World  War  II,  Laboratory 
men  examined  commercial  dry  kilns 
to  certify  them  for  the  drying  of  wood 
for  aircraft.  These  men  were  able,  by 
intensive  use  of  electric  thermocouples 
and  potentiometers,  to  accurately  meas¬ 
ure  the  temperature  in  various  parts  of 
the  kilns.  These  measurements  thor¬ 
oughly  confirmed  facts  about  the  op¬ 
eration  of  dry  kilns  that  had  been  sus¬ 


pected  but  never  proved  before.  T  hey 
also  pinpointed  the  causes  of  trouliles 
that  had  long  been  bothering  kiln  op¬ 
erators.  They  wiped  out  the  myst.  ries 
that  had  put  kiln  operation  in  a  lass 
with  the  intangible  arts. 

Demonstrations  of  Findings: 
When  World  War  II  ended,  an  op¬ 
portunity  developed  for  the  Lah  ora¬ 
tory  to  present  the  results  of  1 1 In- 
drying  research  to  the  industry  o  a 
series  of  demonstrations.  This  act  .ity 
was  organized  by  the  now  rt  red 
W.  K.  Loughborough,  well-kr.wwn 
seasoning  expert,  under  the  gtiicral 
direction  of  Raymond  C.  Rietz,  . 'lief 
of  the  Laboratory’s  Division  of  l  im¬ 
ber  Physics.  With  all  technical  men 
in  the  division  participating,  a  whole 
new  series  of  publications  was  brought 
out.  Two  sessions  were  held  in  Madi¬ 
son.  Then  the  crew  went  into  the 
field,  taking  the  information  directly 
to  industry.  E.  F.  Rasmussen  was  in 
charge  of  these  field  sessions,  and  of 
the  other  Laboratory  sessions  that  fol¬ 
lowed  from  time  to  time.  Their  suc¬ 
cess  was  largely  due  to  his  untiring 
efforts  and  to  those  of  K.  E.  Kim¬ 
ball  and  F.  K.  Beyer.  The  rest  of  us 
who  participated  to  a  lesser  extent  can 
be  proud  to  have  been  associated  w'ith 
them  in  this  work.  In  the  next  16 
months  17  separate  demonstrations 
were  put  on  in  North  Carolina,  Vir¬ 
ginia,  Maine,  Arkansas,  Illinois,  Tenn¬ 
essee,  Wisconsin,  California,  New 
Hampshire,  Texas,  and  Washington. 
Nine  more  have  been  held  since. 
About  700  dry-kiln  operators,  fore¬ 
men,  superintendents,  and  plant  iHan- 
agers  attended.  In  addition,  about  150 
have  attended  sessions  conductcv!  by 
other  institutions  with  Laboratorv  aid. 
As  stated  before,  it  was  possibh  for 
Rasmussen  and  the  rest  of  ic  to 
strongly  recommend  the  practice^  t^hat 
we  knew  would  pay  off  because  ol  the 
solid  research  results  back  of  the  .. 

Ideas  from  Industry:  Not  ai’  of 
the  ideas  in  this  crusade  came  I  'om 
Laboratory  research.  Some  cam  di¬ 
rectly  from  industry’s  own  invc-  iga- 
tions.  Others  occurred  to  the  in-‘ruc- 
tors  when  they  bumped  into  the 
problems  in  the  field  at  the  same  nme 
they  were  teaching  their  cures,  The 
first,  and  one  of  the  most  impi^.Kant 
ideas  in  the  whole  movement,  wj'  the 
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fac.  from  direct  cost  keeping  in  one 
pla  it,  that  sticker  guides,  giving  per- 
te;  sticker  alinement,  could  result  in 
a  s  iving  of  8  percent  in  overall  lum- 
be-  and  handling  costs.  This  fact 
gri  itly  strengthened  our  arguments  in 
faior  of  very  careful  piling  and  stick- 
en  'g.  These  arguments  were  at  least 
pa  tly  responsible  for  equipment  man- 
uf.icturers  increasing  their  develop- 
m>.  It  and  sale  of  automatic  stacking 
equipment. 

A  problem  that  the  kiln-demonstra- 
tio.i  crew  bumped  into  during  plant 
visits  was  the  very  great  deterioration 
of  stock  that  was  not  given  adequate 
protection  during  green  storage  and  air 
dning.  These  observations  strongly 
bai.ked  up  our  recommendations  for 
adequate  pile  roofs  or  completely 
covered  green-storage  yards.  Another 
problem  was  planer  splitting  in  lum¬ 
ber  that  had  not  been  conditioned  to 
relieve  set  or  casehardening  at  the  end 
of  the  kiln-drying  process.  This  ob¬ 
servation  backed  up  our  strong  recom¬ 
mendations  for  complete  equalization 
and  conditioning  of  lumber  before  it 
is  removed  from  the  kiln. 

More  ideas  have  come  from  sub¬ 
stantial  research  projects  carried  out 
by  industry  during  the  past  7  years. 
The  Redwood  Seasoning  Committee, 
of  the  California  Redwood  Associa¬ 
tion,  made  up  of  kiln  operators  and 
plant  managers  concerned  with  season¬ 
ing  problems,  built  and  operated  an 
experimental  dry  kiln  and  conducted 
exhaustive  tests.  Other  individual  firms 
and  industry  groups  have  done  other 
research  jobs  and  made  the  results 
known. 

Better  Dry  Kilns:  The  past  7  years 
have  just  about  completed  the  transi¬ 
tion  from  natural-circulation  to 
forced-circulation  kilns.  The  height¬ 
ened  interest  in  good  seasoning  stimu¬ 
lated  the  sale  of  modern  kilns.  The 
information  on  kiln  performance 
spread  through  the  kiln-drying  demon¬ 
strations  stimulated  kiln  manufacturers 
to  bring  their  kilns  up  to  high  quality; 
so  that  there  are  several  different 
makes  of  kilns  on  the  market  that 
fully  meet  the  highest  standards.  There 
also  has  been  a  big  growth  of  kilns 
economically  heated  by  oil  or  natural 
gas.  .Although  these  kilns  do  not  have 
humidity  control  required  for  green 
hardwoods,  they  are  drying  great 
quantities  of  softwood  lumber  not  ade¬ 
quately  dried  before,  also  some  well 
air-dried  hardwoods  for  products  not 
requiring  relief  of  casehardening. 
Thfse  kilns  have  been  set  up  not  only 
I  in  tl'.e  gas  and  oil  fields  of  the  South, 
bur  m  the  California  area  as  well. 

1 '  addition  to  the  kilns  newly  in- 
staiied,  existing  kilns  have  been  tuned 
up  o  utilize  their  fullest  capabilities. 
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New  Kiln  Schedules:  The  pioneer 
research  on  stresses  developed  in  wood 
as  it  drys  and  the  practical  work  done 
on  kiln  schedules  for  a  few  specific 
woods  such  as  blackgum  enabled  the 
kiln-demonstration  crew  to  preach  a 
new'  concept  for  kiln  schedules  for 
hardwoods.  In  1946  about  all  they 
could  do  was  preach,  how'ever,  for 
there  was  no  comprehensive  publica¬ 
tion  of  new  kiln  schedules.  They  urged 
kiln  operators  to  go  forth  and  apply 
the  principles  on  their  ow'n  grounds. 
When  you  consider  how'  much  the 
lumber  in  a  single  commercial  charge 
is  worth,  you  cannot  help  but  realize 
that  the  progress  made  by  the  kiln 
operators  themselves  was  slow.  This 
approach  obviously  was  not  satisfying 
the  demands  of  the  industry.  In  19‘jO, 
O.  W.  Torgeson  took  this  matter  in 
hand.  He  systematically  combined  the 
results  of  research  in  various  Labora¬ 
tory  studies.  He  then  went  out  into 
the  industry  and  checked  on  the  most 
advanced  schedules  it  was  using. 
From  these,  he  put  together  the  revo¬ 
lutionary  kiln-drying  schedules  pub¬ 
lished  in  Forest  Products  Laboratory 
Report  No.  D1791.  These  new  stand¬ 
ard  methods  give  an  acceleration  to 
drying  of  considerable  magnitude. 
Also,  with  kilns  under  better  control 
at  that  date  and  kiln  operators  better 
trained,  it  was  thought  practical  to 
recommend,  for  some  woods,  milder 
initial  conditions  than  had  ever  been 
recommended  before.  This  lowered 
drying  degrade  and  did  not  hinder 
drying  acceleration  because  of  the  new 
methods  of  lowering  relative  humidity 
soon  after  the  start  of  the  run.  Cor¬ 
rect  use  of  the  other  accelerator,  high 
temperature,  after  all  of  the  free  wa¬ 
ter  is  gone,  was  also  included  in  the 
new  schedules.  The  new  schedule  for 
4/4  red  oak  made  it  possible  to  re¬ 
duce  the  drying  time,  for  stock  at  70 
percent  moisture  content,  from  31  to 
21  days.  Oak  that  has  been  partially 
dried  to  about  40  percent  moisture 
content  can  be  finished  in  11  days. 
These  times  include  equalizing  and 
conditioning  periods  of  about  24  hours 
each. 

Moisture  Quality  Control:  Finally, 
as  a  means  for  checking  up  on  the 
performance  of  kiln-drying  equipment 
and  procedures,  Rietz  adapted  the  tool 
of  moisture-quality  control.  Some  in¬ 
dustrial  use  is  already  being  made  of 
this  tool,  but  there  is  room  for  con¬ 
siderably  more.  It  not  only  aids  in 
spotting  troubles  before  they  get  into 
the  final  stages  of  manufacture,  but 
allows  use  of  reasonable  industrial 
standards  for  uniformity. 

Industry  Application  and  Benefits 

Now  let  us  look  at  how  the  indus¬ 
try  is  applying  the  new  kiln-drying 


information  and  what  benefits  it  is  re¬ 
ceiving.  An  article  has  recently  ap¬ 
peared  in  the  magazine  "Wood  and 
Wood  Products”  on  how  one  manu¬ 
facturer  has  improved  his  kiln-drying 
and  handling  setup  and  made  con¬ 
siderable  savings.  This  same  type  of 
improvement  has  gone  on  all  over  the 
country.  It  is  hard,  of  course,  for  any¬ 
one  to  put  his  finger  on  actual  savings 
that  have  been  realized  by  industry 
during  the  past  7  years  because  of  the 
approximate  doubling  of  labor  and 
other  costs.  In  preparation  for  this 
paper,  however,  letters  were  sent  to 
15  firms  scattered  over  the  country. 
These  firms  had  kilns  in  operation  at 
the  start  of  the  period,  sent  representa¬ 
tives  to  the  kiln-drying  demonstrations, 
and  kept  up  contact  with  the  Labora¬ 
tory.  These  firms  probably  were  about 
average  in  drying  equipment  and  skill 
in  1946.  Now  we  consider  them  a  lit¬ 
tle  above  average  in  the  amount  of 
improvement  in  seasoning  practices. 
As  expected,  these  firms  could  supply 
little  concrete  information,  but  we  be¬ 
lieve  that  the  qualitative  statements 
they  were  able  to  make  are  a  valid 
representation  of  the  type  of  gain  that 
any  woodworking  firm  can  make  that 
will  devote  greater  attention  to  its 
seasoning.  To  help  visualize  the  ap¬ 
plication  these  statements  may  have  to 
your  own  problem,  I  have  grouped 
them  by  regions.  It  is,  of  course,  im¬ 
possible  to  give  credit  to  all  com¬ 
panies  to  whom  credit  is  due  within 
any  of  these  regions  or  to  cover  fully 
every  wood-producing  or  wood-using 
area. 

Southeast:  In  the  Southeast,  the 
demonstrations  were  sponsored  by  an 
industry  group,  the  Southern  Furniture 
Manufacturers  Association.  Because  of 
this  sponsorship  there  was  a  big  par¬ 
ticipation  by  industry  representatives. 
As  a  result,  there  have  been  broad 
applications  and  widespread  benefits. 
The  company  recently  reported  in 
"Wood  and  Wood  Products”  was  one 
that  did  not  send  representatives  to 
our  demonstrations,  but  it  had  con¬ 
tact  with  the  same  information  through 
contacts  with  the  Forest  Utilization 
Service  at  Asheville,  N.  C.,  and  a  kiln 
manufacturer’s  representative  who  did. 
This  company  replaced  14  natural- 
draft  kilns  with  5  modern  cross¬ 
circulation  kilns.  It  added  2  more  mod¬ 
ern  kilns  to  dry  lumber  from  small 
mills.  This  company  reported  a  nice 
saving  in  steam  over  the  old  kilns.  It 
also  reported  that  other  practical  ad¬ 
vantages  showed  up  in  the  planing 
mill,  where  considerably  less  checked, 
crooked,  and  cracked  lumber  were 
found.  The  company  now  is  able  to 
plane  the  lumber  within  24  hours  of 
the  time  it  comes  from  the  kiln,  in¬ 
stead  of  waiting  30  days  as  in  the 
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past.  Two  million  board  feet  of  pine, 
cypress,  and  oak  lumber  are  run 
through  the  kilns  per  4-wetk  period. 

Another  company  reported  it  has 
changed  methods,  kilns,  sticking,  and 
added  automatic  stackers.  It  cannot  say 
just  how  much  has  been  gained  over 
the  past  or  any  particular  year,  but 
company  officials  know  that  they  made 
savings  in  piling  and  in  other  phases. 
With  new  boilers,  they  have  lowered 
steam  costs  and  overall  costs.  In  other 
words,  the  cost  of  lumber  from  the 
time  it  comes  in  to  the  point  of  cut¬ 
ting  has  been  reduced. 

Another  company  reported  its  dry¬ 
ing  improvements,  proper  stickering, 
and  kiln  schedules  saved  a  great  deal 
by  reducing  waste  in  the  manufacture 
of  flooring.  Overall  conversion  waste 
has  been  reduced  4.7  percent  since 
1948.  From  3B  Common  and  Better 
oak,  the  yield  of  flooring  and  related 
products  remains  70  percent  Select  and 
Clear  grades,  with  less  than  1  percent 
of  No.  2.  A  4.7  percent  saving  on  15 
million  board  feet  of  lumber  per  year, 
with  an  assumed  cost  of  $60  per  Mbm, 
adds  up  to  $42,000  per  year.  It  was 
estimated  that  about  one-third  of  these 
benefits  were  attributable  to  improve¬ 
ments  in  seasoning  practices,  or  at 
least  $1  per  Mbm.  Additional  bene¬ 
fits  from  good  seasoning,  such  as  sav¬ 
ings  in  time  and  worry,  could  not  be 
measured  in  dollars  and  cents.  Other 
factors  in  the  overall  reduction  of  con¬ 
version  waste  were  the  placement  of 
the  men  trained  in  kiln  operation  in 
different  departments  and  giving  them 
further  on-the-job  training  in  grad¬ 
ing,  stacking,  and  milling. 

South:  In  the  South,  kiln-drying 
demonstrations  were  held  at  Memphis, 
Tenn.,  Fort  Smith,  Ark.,  and  Lufkin, 
Tex.,  under  sponsorship  of  industrial 
organizations  and  the  Texas  Forest 
Service.  In  Texas  the  demonstrations 
not  only  fostered  the  regular  improve¬ 
ments  in  kiln  operation,  but  they  also 
brought  the  kiln  operators  in  contact 
with  information  on  use  of  hygroscopic 
chemical-seasoning  agents  to  reduce 
checking  in  thick  oak  'and  other 
hardwoods. 

One  company  reported  that  it  had 
not  been  keeping  cost  figures  on  kiln 
drying,  but  that  company  officials  be¬ 
lieve  they  are  getting  very  low  costs 
and  good  results.  This  company  re¬ 
ported  that  all  of  its  thicker  lumber 
is  helped  by  a  chemical-seasoning  agent 
if  applied  when  the  lumber  is  strictly 
green.  By  use  of  this  treatment,  the 
time  that  the  lumber  has  to  be  held  on 
the  yard  has  been  reduced,  and  the 
final  lumber  is  better.  Degrade  has 
been  reduced  22  percent.  Honeycomb¬ 
ing  has  been  reduced  to  about  4  per¬ 
cent  in  contrast  to  the  10  percent  pre¬ 
viously  experienced. 


California:  All  over  California 
drying  facilities  have  been  improved. 

In  the  Los  Angeles  and  San  Francisco 
areas  many  new  kilns  have  been 
installed. 

One  operater  in  the  Los  Angeles 
area  has  reported  that  he  had  no  con¬ 
crete  figures  to  back  him  up,  but  he 
sincerely  believed  that  he  had  reduced 
his  drying  time  considerably  and  at 
the  same  time  improved  the  quality 
of  the  seasoning. 

The  improvement  made  in  the  red¬ 
wood  industry,  a  result  of  its  own  re¬ 
search,  deserves  a  little  more  lengthy 
discussion.  The  California  Redwood 
Association  reported  that  there  has 
been  a  marked  improvement  in  kiln 
drying,  but  because  of  different  ac¬ 
counting  systems  and  lack  of  complete 
records  for  costs  in  years  prior  to  the 
experiments,  it  has  not  been  able  to 
put  an  accurate  dollars-and-cents  value 
on  the  savings.  The  association’s  sea¬ 
soning  director,  however,  has  esti¬ 
mated  that  savings  may  be  in  excess 
of  $10  per  Mbm.  Recent  efforts  have 
been  directed  toward  improved  air 
drying.  Many  mills  have  thus  been 
able  to  reduce  the  total  cost  of  drying 
heavy  segregation  4/4  stock  by  $7 
per  Mbm. 

Northwest:  The  great  Northwest 
area,  because  of  its  high  output,  has 
long  recognized  the  importance  of  eco¬ 
nomical  seasoning.  It  had,  prior  to  the 
series  of  dry-kiln  demonstrations, 
highly  organized  kiln  operators’  clubs 
meeting  fairly  regularly.  One  of  the 
earlier  field  demonstrations  was  held 
in  that  area,  however,  and  some  of 
the  western  operators  have  come  to 
the  Madison  sessions.  As  a  result,  that 
area  has  made  some  advancement  dur¬ 
ing  the  past  7  years.  The  magnitude 
of  advancement  was  smaller,  however, 
because  of  the  already  high  level  of 
operation  there. 

One  company  reported  difficulties 
in  determining  the  increase  in  the 
quality  of  the  drying,  but  it  is  sure 
that,  by  the  careful  checking  of  the 
drying  process  and  the  development 
of  improved  schedules,  there  has  been 
an  improvement.  This  company  has 
statistics,  however,  on  the  cost  of 
stacking  mechanically  in  comparison 
with  hand  stacking.  In  1949  six  men 
hand-stacked  for  four  kilns  at  a  cost 
per  Mbm  of  $1.15.  In  1953  with 
mechanical  stacking  the  six  men  han¬ 
dled  10  kilns,  and  direct  costs  per 
Mbm  were  reduced  to  $0.17.  In  1949 
hand  unstacking  costs  per  Mbm  were 
$1.57;  in  1953  direct  unstacking  costs 
per  Mbm  by  mechanical  methods  were 
$0.95. 

Another  company  reported  that 
there  were  too  many  factors  involved 
in  its  annual  cost  figures  to  show  sav¬ 


ings.  During  this  period,  however  it 
was  able  to  change  drying  st  -ndatds 
so  that  it  now  dries  to  a  cons  derably 
lower  moisture  content  than  in  the 
past.  By  better  knowledge  of  the  fun¬ 
damentals  of  drying  wood,  tlvs  com¬ 
pany  was  able  to  use  higher  tunpera- 
tures  safely  during  the  final  st  iges  of 
drying  to  accomplish  this  end.  The 
drying  is  being  accomplished  in  the 
same  time  and  with  the  same  direct 
labor  costs.  The  company  also  linds  a 
much  more  uniform  product  with  a 
definite  saving  being  made  because  the 
operating  departments  turn  back  far 
less  lumber  because  of  high  moisture 
content.  In  addition,  this  company  is 
using  a  moisture-checking  system 
which  insures  that  the  lumber  on  the 
output  end  is  properly  and  uniformly 
dried. 
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Northeast  and  North:  In  the 
Northeast,  the  first  missionary  work 
was  done  by  Roy  Carter,  then  a  mem¬ 
ber  of  the  Forest  Utilization  Service 
of  the  Northeastern  Forest  Experi¬ 
ment  Station.  Some  of  the  earliest  field 
demonstrations  w'ere  held  in  Maine 
and  New  Hampshire,  however.  At  the 
start  of  the  period  there  were  compara¬ 
tively  few  modern  dry  kilns  in  that 
area.  Since  that  time  there  have  been 
many  dry  kilns  installed,  and  a  well- 
trained  group  of  kiln  operators  has 
sprung  up. 

One  of  the  companies  in  the  area 
reported  there  is  little  it  can  say  on 
dollar  savings  because  labor  has  gone 
up  more  or  less  in  proportion  to  that 
in  other  parts  of  the  country.  This 
company  does  feel,  however,  that  it  is 
doing  a  better  job  of  kiln  drying 
than  in  the  past.  This  is  attributed  to 
the  installation  of  two  new  kilns  and 
to  the  careful  stacking  of  their  lum¬ 
ber,  particularly  to  keeping  the  edges 
of  the  kiln  loads  square. 

In  the  North,  where  old  kilns  of 
the  natural-draft  variety  had  been  in¬ 
stalled  early  in  the  wood-utilization 
game,  the  changeover  to  modern  kilns 
was  at  first  slow.  This  area  now  has 
moved  along  with  the  rest  of  the 
country.  The  use  of  sticker  guides  and 
other  means  of  properly  piling  and 
protecting  the  stock  before  it  goes  into 
the  kiln  are  now  the  rule  rather  than 
the  exception. 

One  company  reported  that  it  had 
no  figures  or  records  from  which  it 
could  develop  comparative  costs,  but 
that  it  undertook  kiln-drying  improve¬ 
ment  from  one  standpoint  only- 
quality.  When  the  company  started 
its  program,  it  was  having  so  much 
rejection,  warping,  poor  glue  joints, 
etc.,  that  something  had  to  be  done. 
As  a  result,  the  troubles  have  been 
about  95  percent  cleared  up  and  the 
(Continued  on  page  93) 
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Hardboard 


Review  of  Hardwood  Developments  in  the 

Pacific  Northwest 

JOHN  B.  GRANTHAM 

Managing  Director,  Oregon  Forest  Products  Laboratory — Corvallis,  Oregon 


Growth  of  hardboard  industry  in  the  Pacific  Northwest  is  trace. 
Summary  is  given  of  various  processes  and  capacities.  Formation  of 
Hardboard  Division,  Pacific  Northwest  Section  of  FPRS,  is  reviewed. 


Industrial  Development 

DURlNt;  THE  PAST  SIX  YEARS  the 
Pacific  Northwest,  including  Ore¬ 
gon,  Washington  and  British  Colum¬ 
bia,  has  witnessed  the  development  of 
an  important  regional  hardboard  in¬ 
dustry.  The  stature  of  this  local  indus¬ 
try  may  be  gauged  by  the  facts  that; 

1.  In  number  of  plants  and  produc¬ 
tion  capacity  the  hardboard  in¬ 
dustry  of  the  Pacific  Northwest 
rivals  that  of  Sweden  although 
that  country’s  industry  began 
almost  twenty  years  earlier. 

2.  The  region’s  hardboard  produc¬ 
tion  capacity  is  between  20  and 
25  per  cent  of  the  total  United 
States  capacity  and  may  reach  30 
per  cent  in  1954. 

3.  United  States  hardboard  produc¬ 
tion  is  roughly  half  of  Douglas- 
fir  plywood  production  when 
compared  with  plywood  on  the 
basis  of  surface  measure  {}/^ 
inch  hardboard  vs  %  inch  ply¬ 
wood). 

Another  important  point  about  the 
Pacific  Northwest  hardboard  industry 
IS  that  the  entire  output  is  made  from 
sawmill  or  veneer  mill  residues.  It  can 
almost  be  said  that  each  hardboard 
plant  is  supplied  entirely  by  wood 
residues  from  one  sawmill  or  veneer 
mill.  Thus,  additional  products  and 
additional  jobs  have  been  created  with 
no  additional  drain  oh  the  region’s^ 
forest  resource. 

The  local  hardboard  industry,  which 
began  with  the  establishment  of  the 
Chapman  Manufacturing  Company’s 
plant  at  Corvallis,  Oregon  in  1946, 
parallels  Sweden’s  industry  in  many 
respects.  The  latter’s  hardboard  indus¬ 
try  which  began  in  1929  with  the  erec¬ 
tion  of  the  Swedish  Masonite  plant, 
developed  according  to  the  traditional 
European  pattern  of  numerous  small 
plants  (1).  By  1957  Sweden  had  12 
plants  manufacturing  hardboard,  9  o 
which  made  insulating  board  also;  but 
the  combined  hardboard  production 


of  the  12  plants  was  approximately 
400  million  square  feet  of  1/^-inch 
board  or  little  more  than  one-half  the 
capacity  of  Masonite’s  one  American 
plant.  The  eight  plants  now  producing 
hardboard  in  the  Pacific  Northwest 
have  an  estimated  annual  capacity  of 
about  340  million  square  feet.  Both 
Sweden  and  the  Pacific  Northwest 
have  successful  plants  producing  as 
little  as  10,000  tons  of  board  per  year. 

The  fact  that  Sweden  granted  no 
basic  product  patent  to  Masonite  was 
an  important  factor  in  the  early  devel¬ 
opment  of  the  Swedish  industry.  No 
plants  were  constructed  in  the  Pacific 
Northwest  until  Masonite’s  basic 
United  States’  product  patent  ran  out. 

A  final  point  of  similarity  is  that 
the  Asplund  Defibrator  process  was 
important  in  establishing  the  industry 
in  both  areas.  The  majority  of  Swedish 
plants  still  use  this  process  while  the 
first  four  plants  constructed  in  the 
Pacific  Northwest  employ  Asplund 
Defibrators. 

In  reviewing  the  early  development 
of  the  local  hardboard  industry  it  is 
interesting  to  trace  the  pioneering 
work  of  Ralph  Chapman.  In  1944, 
Chapman  was  plagued  by  the  general 
shortage  of  metals  for  the  construction 
of  home  freezer  cabinets.  At  that  time 
he  asked  the  Oregon  Forest  Products 
Laboratory  to  investigate  the  experi¬ 
mental  production  of  a  wood  fiber- 
resin  mixture  for  moulded  cabinet 
parts.  Oil  and  resin  shortages  plus 
cost  considerations  delayed  a  solution 
to  the  problem  and  in  1945  Chapman 
asked  the  Laboratory  to  shift  the  em¬ 
phasis  to  a  cooperative  investigation 
of  hardboard  panels  that  would  take 
simple  curves.  At  the  same  time  he 
made  definite  plans  for  plant  construc¬ 
tion  and  in  the  spring  of  1946  a  plant 
began  production  of  odd-sized  panels 
for  freezer  cabinets.  In  1947,  Chap¬ 
man  made  major  changes  in  his  proc¬ 
essing  equipment  and  began  to  market 
4-by  8-foot  sheets  of  hardboard.  The 
freezer  company  which  led  to  Chap¬ 


man’s  interest  in  hardboard  was  sold 
and  later  dissolved  while  Chapman 
continued  to  pioneer  in  the  hardboard 
industry  by  licensing  his  process  and 
supervising  construction  of  plants  in 
British  Columbia  and  Minnesota. 

It  is  difficult  to  assess  Ralph  Chap¬ 
man’s  full  contribution  in  establishing 
a  hardboard  industry  in  the  Pacific 
Northwest.  Certainly  he  must  be  cred¬ 
ited  with  first  demonstrating  that  small 
sized  plants,  having  investment  costs 
of  less  than  a  half  million  dollars  (as 
of  1947),  could  succeed  in  America. 

Chapman  not  only  built  the  first 
plant  at  Corvallis,  Oregon,  but  super¬ 
vised  construction  of  an  identical  plant 
for  Canadian  Forest  Products  Limited 
at  New  Westminister,  British  Colum¬ 
bia.  This  second  plant  began  board 
production  in  1948. 

The  third  plant  in  the  Pacific  North¬ 
west,  which  was  established  in  1949  by 
the  Stimson  Lumber  Company  at 
Forest  Grove,  Oregon,  followed  very 
closely  the  process  used  in  Sweden, 
forming  the  wet  mat  continuously  on 
a  Fourdrinier  wire  rather  than  in  a  4- 
by  8-foot  deckle  box  as  did  Chapman. 

Further  variations  in  processing 
came  rapidly  after  1950.  Anderson 
and  Runckel,  working  for  the  Oregon 
Lumber  Company,  demonstrated  that 
Douglas-fir  bark  could  be  used  in 
hardboard  (2);  a  plant  based  on  their 
process  began  operation  in  November, 
1951. 

The  ’semi-dry’  process,  developed 
by  the  Plywood  Research  Foundation, 
was  adapted  to  commercial  production 
by  the  Anacortes  Veneer  Company  at 
Anacortes,  Washington  in  1952,  and 
by  the  Coos  Bay  Lumber  Company  at 
Coos  Bay,  Oregon  in  1953. 

The  Long-Bell  Lumber  Company  at 
Longview,  Washington  developed  its 
own  'dry’  process  for  a  board  to  be 
used  in  its  factory  department,  and 
began  production  on  a  large  pilot  plant 
scale  in  1952. 

The  eighth  northwest  plant,  that  of 
Cascades  Plywood  Corporation,  like¬ 
wise  developed  its  own  'dry’  process 
and  began  production  this  year.  This 
is  the  first  plant  to  state  that  it  uses 
planer  shavings  rather  than  chips  for 
hardboard. 
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Table  1. — SUMMARY  OF  PACIFIC  NORTHWEST  HARDBOARD  PLANTS, 
PROCESSES  AND  CAPACITIES* 


Annual  production 

.  Tons  of  dry 

capacity  (a) 

wood  required 

Type  of 

(in  million 

per  day  (b) 

Firm  Name 

Plant  Location 

processt 

square  feet) 

2.50  days/year 

Operatind  Companies 

Chapman  Mfg.  Co -  .. 

.Corvallis,  Ore. 

Wet — batch 

24 

38 

Pacific  Veneer  Div. 

New  Westminister, 

Canadian  Forest  Products  Ltd. 

B.  C. 

Wet — batch 

24  (j4") 

63 

Forest  Fiber  Products  Company. Forest  Grove  Oregon 

Wet— continuous 

62 

98 

Oregon  Lumber  Co - 

-Dee,  Oregon 

Wet— continuous 

56 

88 

(with  bark) 

Anacortes  Veneer  Co _ _ 

-Anacortes,  Wash. 

Semi-dry 

30 

45 

Coos  Bay  Lumber  Co - 

.Coos  Bay,  Ore. 

Semi-dry 

70 

105 

Cascades  Plywood  Co - 

-Lebanon,  Ore. 

Dry 

36 

54 

Long-Bell  Lumber  Co - 

-Longview,  Wash. 

Dry 

15  (H") 

37 

1953  Capacity _ 

317 

528 

Under  Construction 

Oregon  Fiber  Products  Inc - 

-Pilot  Rock,  Oregon 

Wet — dry 

80 

126 

Weyerhauser  Timber  Company 

-Klamath  Falls,  Ore. 

Dry 

90 

134 

487 

788 

Projected  Plants 

Rogue  Hardboard,  Inc - 

Washington  Hardboard 

-  Grants  Pass,  Ore. 

... 

... 

Products,  Inc.  _ 

-South  Bend,  Wash. 

Willamette  Fibre  Board,  Inc — 

-Sweet  Home,  Ore. 

--- 

*Plant  capacities  are  taken  from  a  Table  appearing  in  the  1953  Review  Number  of  the  Lumberman, 
Vol.  80,  No.  4,  page  132,  March  1953. 

tThe  broad  process  classification  used  here  is  based  on  the  moisture  content  of  the  fiber  mat  at  the  time 
of  pressing.  Wet — over  100%  n.c.;  semi-dry — 10-100%  n.c.;  d^ — less  than  10%  n.c. 

(a)  Square  footage  is  bas^  on  J^'s-inch  board  unless  otherwise  stated. 

(b)  Conversion  factors  used  are: 

14-inch  board —  725  pounds  per  M  square  feet 
14 -inch  board — 1200  pounds  per  M  square  feet 
Wet  process — 92%  yield  of  dry  weight  of  wood 
Dry  or  semi-dry  process — 97%  yield  of  dry  weight  of  wood 


Two  plants  now  under  construction 
in  eastern  Oregon,  one  at  Klamath 
Falls  by  Weyerhaeuser  Timber  Com¬ 
pany,  and  one  at  Pilot  Rock  by  the 
Pilot  Rock  Lumber  Company,  will  in¬ 
troduce  further  process  variations. 
Weyerhaeuser  will  use  its  own  'dry’ 
process  while  Pilot  Rock  will  use  a 
process  similar  to  that  employed  by 
U.  S.  Gypsum  Company  at  Greenville, 
Mississippi. 

The  present  and  projected  hard- 
board  plants  of  the  Pacific  Northwest 
are  listed,  together  with  their  reported 
or  estimated  capacities,  in  Table  1. 

Formation  of  a  Hardboard  Division 
in  the  Pacific  Northwest 
Section  of  FPRS 

The  rapid  expansion  of  the  hard¬ 
board  industry  in  the  Pacific  North¬ 
west,  which  captured  the  interest  of 
the  regional  FPRS  membership,  has 
led  to  the  formation  of  a  hardboard 
division  in  the  local  section.  The  fol¬ 
lowing  is  a  review  of  the  events  from 
which  this  hardboard  division  and  its 
well-defined  objectives  evolved. 

In  November,  1951,  the  Pacific 
Northwest  section  featured  a  panel 
discussion  of  hardboard;  a  program 
which  stimulated  a  group  of  members 
to  meet  informally  the  next  day.  This 
group  agreed  that  a  major  problem  of 
the  expanding  industry  was  the  devel¬ 
opment  of  standard  methods  of  eval¬ 
uating  hardboard  properties.  It  was 
soon  obvious  that  the  magnitude  of  the 
job  required  the  combined  efforts  of 
many  individuals  and  organizations. 
The  group  endorsed  the  work  on  hard¬ 
board  testing  that  was  underway  or 
planned,  and  expressed  the  hope  that 
the  work  of  all  agencies  could  be  coor- 
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dinated.  Finally  the  group  agreed  to 
hold  an  open  meeting  immediately 
prior  to  the  next  FPRS  section  meeting. 

In  February  1952,  some  forty  indi¬ 
viduals,  representing  hardboard  manu¬ 
facturers,  sellers,  a  major  user,  resin 
suppliers,  and  public  laboratories,  met 
in  Seattle  to  discuss  hardboard  testing, 
including  such  points  as: 

1.  Are  currently  used  test  methods 
satisfactory? 

2.  What  additional  properties  of 
hardboard  require  standard  meth¬ 
ods  for  evaluation? 

3.  What  progress  is  being  made  to 
check  the  adequacy  of  presently 
used  test  methods  and  to  develop 
additional  test  methods? 

4.  What  agencies  write  standard 
test  procedures  and  how  can 
newly  developed  information  be 
made  available  to  these  agencies  ? 

5.  How  can  research  on  hardboard 
testing  best  be  encouraged  and 
coordinated  ? 

One  hardboard  producer  reported 
the  recommendations  of  a  newly 
formed  industry  technical  committee. 
He  stated  that  although  the  manufac¬ 
turers  hoped  to  form  a  hardboard  as¬ 
sociation  soon  they  desired  help  in 
obtaining  more  data  on  hardlward 
testing. 

A  review  of  past  research  on  the 
evaluation  of  hardboard  properties 
emphasized  the  need  for  increased 
work  and  maximum  coordination  of 
efforts.  Finally  the  group  appointed  a 
representative  10-man  coordinating 
committee  to: 

1.  Encourage  and  coordinate  inves¬ 
tigations  of  hardboard  test  pro¬ 
cedures. 


2.  Explore  the  best  methot^  of  co. 
operating  with  organizations  that 
draft  or  approve  test  prc  edutes. 

3.  Plan  the  next  open  mc.ting  to 
be  held  immediately  pric  to  the 
spring  section  meeting  ot  FPRS 

The  group  decided  that  the  (.pestion 
of  formally  affiliating  with  an  estab¬ 
lished  organization  such  as  Fl^RS  be 
postponed  until  the  group’s  obiectives 
were  more  clearly  established. 

At  its  next  open  meeting  at  Port¬ 
land,  Oregon,  in  May,  1952,  it  was 
decided  that  the  Pacific  Northwest 
section  of  FPRS  was  the  organization 
best  fitted  to  sponsor  the  group’s 
efforts.  Consequently,  the  coordinating 
committee  drafted  a  resolution  request¬ 
ing  the  formation  of  a  hardboard  divi¬ 
sion  within  the  section,  and  outlining 
the  objectives  of  such  a  division.  The 
resolution  was  presented  at  the  sec¬ 
tion’s  business  meeting  on  May  20  and 
passed  after  considerable  discussion. 

The  resolution  read  in  part  "The 
objective  of  this  division  will  be  to 
stimulate  the  development  of  uniform 
test  proceaures  for  hardboard.  This 
will  be  accomplished  by:  (1)  collect¬ 
ing  test  information  already  available; 
(2)  encouraging  research  pertinent  to 
hardboard  testing;  and  (3)  making 
the  information  obtained  available  to 
those  organizations  responsible  for 
setting  hardboard  standards.’’ 

The  newly  created  hardboard  divi¬ 
sion  has  held  half-day  meetings  on 
the  day  preceding  each  of  the  last 
three  section  meetings.  At  its  meeting 
in  October,  1952,  the  division  voted 
to  form  a  permanent  coordinating 
committee  and  outlined  methods  of 
selecting  committee  members.  Briefly, 
each  of  the  six  laboratories  or  universi¬ 
ties  represented  were  to  designate  a 
representative  for  an  indefinite  term; 
hardboard  manufacturers  were  to  elect 
four  representatives  (one  to  represent 
each  of  the  three  principal  manufac¬ 
turing  processes  and  one  to  represent 
sales)  for  one  year  terms;  and  resin 
manufacturers  supplying  hardboard 
resins  were  to  elect  one  member  to 
represent  their  industry.  The  section 
chairman  and'  a  representative  of  the 
national  subject  matter  committee  on 
composition  board  would  sit  with  the 
committee  as  ex-officio  members.  The 
representative  nature  of  the  coordinat¬ 
ing  committee  is  important  for  at 
present  it  is  the  functioning  body  of 
the  hardboard  division.  As  such  it  has 
the  responsibility  for  achieving  the 
division’s  objectives. 

In  February,  1953,  the  permanent 
coordinating  committee  membership 
was  announced  and  the  committee’s 
responsibilities  were  clarified.  The 
chairman  and  secretary  of  the  commit¬ 
tee  were  designated  as  chairman  and 
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secretary  respectively  of  the  hardboard 
division.  It  was  again  emphasized  that 
the  objectives  of  the  hardboard  divi¬ 
sion  were  limited  specifically  to  "stim¬ 
ulating  the  development  of  tmiform 
test  procedures  for  hardboard”  and 
it  was  agreed  that  activities  of  the  divi¬ 
sion  should  be  limited  to  these  objec¬ 
tives.  A  recent  report  by  Lewis  (3) 
has  stressed  the  need  for  more  com¬ 
plete  test  procedures. 

Early  meetings  had  reviewed  infor¬ 
mation  on  test  procedures,  including 
past  work,  new  test  methods  required, 
and  results  of  current  research,  but  it 
was  not  until  the  February  meeting 
that  time-consuming  organizational 
problems  were  settled.  The  division  is 
now  free  to  devote  its  complete  atten¬ 
tion  to  the  responsibility  of  coordinat¬ 
ing  research  on  hardboard  test  proce¬ 
dures.  The  meeting  of  the  hardboard 
division  in  April  1953  illustrated  the 
future  pattern  of  activity.  In  this  case 
the  committee  presented  to  the  divi¬ 
sion  a  panel  discussion  of  recent  and 
related  research  on  the  evaluation  of 
hardboard  properties.  This  discussion 
emphasized  current  work  at  public 
laboratories;  the  next  will  emphasize 
the  investigative  work  of  some  manu¬ 
facturers.  Interest  in  the  hardboard  di¬ 
vision  is  proven  by  the  fact  that  at¬ 
tendance  at  division  meetings  is  almost 
as  large  as  that  at  section  meetings. 

The  growth  of  a  hardboard  industry 
and  a  parallel  development  of  a  hard¬ 
board  division  of  FPRS  in  the  Pacific 
Northwest  have  been  reviewed.  Space 
does  not  permit  consideration  of  the 
important  question  of  future  develop¬ 
ments.  An  observer  much  better  quali¬ 
fied  to  predict  future  hardboard  mar¬ 
kets  has  given  an  encouraging  analysis 
(4),  but  much  depends  upon  the 
acumen  of  the  many  hardboard  manu¬ 
facturers  in  the  Pacific  Northwest. 
Their  records  of  successful  operation 
in  other  fields  and  their  realistic  view 
of  the  competitive  situation  indicates 
a  continuing,  although  slower,  expan¬ 
sion  in  hardboard  production. 
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FINISH  CHECKING 

(Continued  from  page  14) 

els  faced  with  rotary-cut  yellow  birch, 
plain-sliced  black  walnut,  and  plain- 
sliced  white  oak. 

Panels  (10  x  30  in.)  w'ere  assem¬ 
bled  with  loose-  and  tight-cut  ve¬ 
neers  having  both  the  open  and  closed 
faces  exposed.  These  panels  were  re¬ 
duced  to  a  test  specimen  size  of  10  x 
5  in.,  given  either  a  heavy  or  light 
sanding,  filled  or  left  unfilled,  and 
finished  with  either  a  synthetic  varnish 
or  a  high  grade  lacquer. 

After  being  subjected  to  conditions 
of  alternating  high  and  low  humidity 
to  simulate  as  nearly  as  possible  actual 
seasonal  variations  of  moisture  con¬ 
tent,  specimens  were  examined  on 
both  the  finished  and  cross-sectional 
surfaces.  The  relative  severity  of 
checks  in  the  finish  was  determined 
by  an  examination  of  the  finished  sur¬ 
face.  The  cross-sectional  surfaces 
showed  clearly  that  the  great  majority 
of  finish  checks  were  directly  traceable 
to  knife  checks  in  the  face  veneers. 

The  conclusion  was  reached  that 
with  certain  combinations  of  veneer 
quality,  assembly  method,  and  depth 
of  sanding,  finish  checks  due  to  knife 
checks  may  be  either  minimized  or 
completely  eliminated. 
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VENEER  DRYING 

(Continued  from  page  32) 

This  weighing  apparatus  was  vertically 
adjustable.  After  drying,  the  speci¬ 
mens  were  left  in  an  oven  at  220°  F. 
for  about  24  hours  in  order  that  the 
"ovendry”  weight  might  be  deter¬ 
mined  as  ^  basis  for  calculating  mois¬ 
ture  contents  from  the  various  weight 
measurements  taken  during  the  drying 
cycles. 

Temperature  measurements  were 
made  by  two  methods.  On  specimens 
and  ^-inch  thick,  temperatures 
inside  the  .specimens  were  measured 


with  thermocouples  inserted  in  a 
0.020-inch  hole  from  the  edge  to  the 
center  of  the  snecimen,  and  cemented 
there  with  a  heat-resistant  rubber-base 
cement.  Surface-tempera'.ure  measure¬ 
ments  were  made  on  specimens  of  all 
thicknesses  with  the  aid  of  calibrated 
temperature-indicating  waxes.  Visible 
powder  or  dust  spots  were  made  on 
specimen  surfaces,  each  spot  of  a  wax 
of  known  melting  temperature.  As  the 
wax  reached  its  known  melting  tem¬ 
perature,  it  fused  and  the  spot  took 
on  the  appearance  of  a  grease  spot. 
From  comparative  tests  made  with 
thermocouples,  it  appeared  that  the 
wax  method  was  consistent  and  ac¬ 
curate  in  this  particular  application. 

The  design  of  the  drying  rate  tests 
followed  the  factorial  method  and  the 
results  were  analyzed  statistically  (2). 
The  significance  of  the  conclusions 
discussed  in  this  paper  was  well  estab¬ 
lished  by  recognized  statistical  test 
methods. 

In  addition  to  the  data  on  drying 
rates,  considerable  information  was 
also  uncovered  on  shrinkage  and  the 
development  of  drying  defects.  This 
will  be  presented  in  a  subsequent 
paper. 
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COLLECTION  TECHNIQUES 

(Continued  from  page  40) 

given  weight  of  material.  It  is  also 
necessary  to  calculate  weights  in  order 
to  be  assured  that  the  transporting  ve¬ 
hicle  has  sufficient  capacity  to  hold  the 
minimum  weight  requirement  for  eco¬ 
nomical  transportation.  Coarse  material 
can  be  considered  comparable  to  pulp- 
wood,  and  it  will  vary  in  solid  cubic 
content  according  to  the  size  and  num¬ 
ber  of  pieces  contained  in  a  cord  of 
128  cubic  feet,  or  any  other  cubic-foot 
standard.  The  variation  for  slabs  ob¬ 
tained  from  sawmills  is  from  about  60 
to  84  cubic  feet  of  solid  material  per 
cord.  The  general  average  is  between 
70  and  80  cubic  feet,  and  the  most 
commonly  used  averages  by  industry 
are  72  to  77  cubic  feet. 

Chips  are  like  slab  wood  or  rough 
wood  to  the  extent  that  the  smaller 
the  size,  the  greater  the  expansion  and 
the  more  space  they  will  require.  By 
using  pulpwood  chips  as  a  base,  then 
variations  can  be  estimated  both  for 
larger  and  smaller  material.  Pulpwood 
chips  that  occupy  a  space  of  100  cubic 
feet  will  contain  from  20  to  47  and 
average  about  33^2  cubic  feet  of  solid 
material.  Sawdust,  being  much  finer 
than  pulp  chips  or  slabs,  is  more  imi- 
form,  has  fewer  voids,  and  will  con¬ 
tain  about  45.4  cubic  feet  of  solid 
wood  for  each  100  cubic  feet  of  space 
occupied. 


Using  the  average  volume  and  the 
green  weight  of  wood,  the  weight  per 
100  cubic  feet  can  be  calculated.  Using 
pulp  chips  as  an  example,  this  weight 
will  vary  from  about  900  to  2,200 
pounds,  depending  upon  the  species. 
Similar  calculations  can  be  made  for 
other  types  of  material  and  for  indi¬ 
vidual  species. 

Truck  Transportation 

Generally,  truck  transportation  is 
economical  for  distances  up  to  about 
60  miles.  The  distance  will  vary  with 
size  of  truck,  road  conditions,  and 
loading  methods.  An  important  cost 
factor  is  loading  and  unloading  time. 
This  is  one  of  the  major  reasons  for 
bundling  coarse  residue.  At  small 
mills,  residue  collects  slowly,  and  so 
removable  truck  bodies  or  trailers  are 
placed  so  that  slabs  can  be  piled  on 
them.  This  permits  a  single  truck  or 
truck-tractor  to  haul  for  several  mills. 
The  same  system  is  used  at  larger 
mills  producing  chips.  One  truck- 
tractor  is  used  for  two  or  more  trailers. 
If  it  is  necessary  to  use  trucks,  then  the 
fastest  way  of  filling  them  is  from 
overhead  storage  bins  with  large  chutes 
or  openings.  The  capacity  of  truck  and 
trailer  units  varies  with  the  maximum 
size  and  weight  restrictions  of  the 
various  states.  A  common  trailer  size 
for  chips  and  hogged  fuel,  particularly 
in  the  West,  is  one  that  holds  about 
2,000  cubic  feet. 

A  variety  of  unloading  methods  is 
used,  but  the  most  rapid  is  to  dump 
the  load.  Dump  trucks  and  tilting  plat¬ 
forms  are  both  being  used.  Cranes  are 
also  used  to  lift  the  front  end  of  semi¬ 
trailers.  Conveyor  chains  or  belts  along 
the  bottom  of  the  vehicle  body  are 
used  where  the  receiving  plant  is  not 
equipped  to  receive  dumped  loads. 

Railroad  Transportation 

There  is  considerable  variation  in 
railroad  transportation.  Some  pulp 
companies  receive  chips  in  open-top 
cars,  and  others  insist  that  chips  be 
shipped  in  closed  boxcars.  Coarse  resi¬ 
due,  on  the  other  hand,  is  generally 
shipped  in  open-top  cars  or  on  flat¬ 
cars  with  stakes. 

Loading  open-top  cars  with  chips  is 
relatively  easy  by  terminating  the  con¬ 
veyor  system  above  the  car.  A  series 
of  storage  bins  or  a  chain  conveyor 
along  the  track  above  the  cars  can  be 
used.  One  such  system  has  vertical 
outlets  adjusted' so  that  when  the  chips 
pile  up  to  the  opening  the  flow  stops 
automatically.  On  a  chain  conveyor 
system,  the  chips  fall  through  the  first 
opening  until  the  flow  stops  and  then 
carry  on  to  the  second  and  successive 
openings. 


It  is  necessary  to  throw  chip:,  to  the 
top  end  of  closed  cars  in  order  :o  load 
them.  Two  common  methods  are  used 
to  do  this:  One  is  to  use  a  flexible 
outlet  on  pneumatic  conveyor  s}  stems 
and  the  other  is  a  swivel  loader.  This 
latter  device  is  a  short,  fast  traveling 
belt  upon  which  chips  are  dropped 
from  a  conveyor  or  chute.  Slope  and 
speed  of  the  belt  are  such  that  chips 
are  propelled  from  the  doorway  to  the 
upper  end  of  the  car. 

Some  open-top  cars  have  hopper 
bottoms  that  greatly  facilitate  unload¬ 
ing.  The  most  common  method  of  un¬ 
loading  other  cars  is  with  pneumatic 
conveyor  systems. 

Storage 

Handling  wood  residue  almost  al¬ 
ways  involves  storage.  At  the  collec¬ 
tion  point,  space  or  facilities  must  be 
provided  to  hold  material  either  to  ac¬ 
cumulate  a  vehicle  load  or  while  vehi¬ 
cles  are  being  placed  for  loading. 
Storage  facilities  are  particularly  im¬ 
portant  at  the  processing  plant  to  avoid 
shutdowns  due  to  lack  of  material. 

Summary 

Collection  of  wood  residue  involves 
segregation  by  size  class  and  concen¬ 
tration  at  a  central  loading  point, 
transportation  to  the  delivery  point, 
and  handling  at  the  production  plant. 
Several  types  of  conveyor  systems  are 
available  for  handling  wood  residue. 
Selection  of  equipment  for  a  particu¬ 
lar  application  depends  upon  the  class 
and  volume  of  material,  room  availa¬ 
ble,  and  methods  of  handling.  In  all 
cases  storage  facilities  should  be  avail¬ 
able  to  smooth  out  irregularities  in  the 
flow  of  material. 
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SELLING  LUMBER 

(Continued  frotn  page  43) 

ve  spent  about  $12,000  at  Forest 
Products  Laboratory  to  prove  or  dis¬ 
prove  what  was  already  known.  We 
think  neither  we  nor  our  customers 
should  take  any  unnecessary  chances. 

Our  services  to  those  who  buy  from 
us  include  learning  how  our  produc¬ 
tion  will  fit  into  their  special  require¬ 
ments;  in  other  words,  finding  cus¬ 
tomers  who  need  what  we  have.  We 
do  not  "dump”  anything  on  the  mar¬ 
ket.  We  search  until  we  find  cus¬ 
tomers  who  can  use  profitably  each 
item  we  produce. 

-  As  an  example,  we  have  two  cus¬ 
tomers  who  vie  for  our  entire  accumu¬ 
lation  of  S4S  shorts — 1  x  3/12  inches 
X  2/5  feet  long.  One  is  a  large  retail 
organization;  the  other  is  a  millwork 
concern. 

We  save  these  shorts  for  them  be¬ 
cause  they  have  a  continuous  special 
need  for  them. 

One  of  our  wholesalers  uses  all  the 
1  X  1-inch  and  1  x  2-inch  Fir  Edgings 
we  develop.  (Although  our  produc¬ 
tion  is  primarily  Redwood,  we  bring 
in  what  Douglas  Fir  is  in  our  tracts.) 
This  wholesaler  knows  he  can  depend 
on  getting  practically  all  of  these 
items  we  produce. 

We.  could  go  on  reciting  similar 
cases. 

As  a  further  service  we  usually 
phone  these  folks  the  minute  our  in¬ 
ventory  shows  stock  we  know  they 
want.  Even  airmail  might  be  too  slow 
for  our  customer’s  needs. 

Our  industrial  customers  are  regu¬ 
larly  under  the  watchful  eyes  of  our 
wholesalers  and  ourselves  to  make  sure 
they  are  getting  continuous  satisfac¬ 
tion  from  the  lumber  we  sell  them. 
We  do  not  wait  for  trouble  to  de¬ 
velop;  we  try  to  prevent  its  occurrence. 

Naturally,  our  year  in  and  year  out 
‘  customers  are  very  dear  to  us,  but 
every  card,  letter  or  inquiry  gets 
prompt  and  full  response  whether  it 
be  from  the  DuPont  Company  or  from 
John  Smith  of  Podunk;  whether  it  be 
for  carloads  of  lumber,  for  informa¬ 
tion  on  finishing  siding  already  on  a 
house  (and  maybe  bought  from  a 
competitor)  or  for  guidance  on  any 
lumber  subject.  When  a  customer 
wants  to  know  something,  we  get  the 
answer  for  him.  We  do  not  send  him 
to  somebody  else. 

Speaking  of  research.  The  Pacific 
Lumber  Company '  maintains  its  own 
equipment  at  the  Institute  of  Paper 
Chemistry,  Appleton,  Wisconsin,  and 
has  spent  literally  hundreds  of  thou- 
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sands  of  dollars  on  research  in  the  last 
fifteen  years — research  intended  to 
help  sales. 

And  it  has  helped  sales! 

Here’s  a  statement  that  may  amaze 
you. 

For  years  we  have  been  oversold 
on  our  sawdust,  shavings,  knots,  edg¬ 
ings,  trimmer  ends  and  bark. 

The  sawdust  and  shavings  go  into 
Prestologs  which  we  ship  by  the  car¬ 
load  for  home  heating  and  cooking. 

Some  of  our  edgings,  etc.,  are  blown 
up  under  a  Masonite  license  to  pro¬ 
duce  a  product  we  call  Palco  Seal 
which  is  used  to  seal  porous  oil  wells 
in  Texas,  Oklahoma,  and  other  states. 
— More  of  this  so-called  waste  lumber 
is  chipped  for  shipment  to  roofing 
paper  manufacturers. 

Most  of  the  bark  is  processed  into 
Palco  Wool,  an  insulation  material 
widely  used  in  cold  storage  construc¬ 
tion  and,  to  a  lesser  extent,  in  homes. 
Some  of  the  remaining  bark  is  further 
refined  into  what  we  call  Fibre  "A” 
which  has  more  than  one  use.  Part 
of  it  is  utilized  as  a  special  type  of 
insulation  and  part  is  shipped  to  one 
of  the  large  storage  battery  manufac¬ 
turers  who  further  processes  it  into 
battery  separators.  A  portion  of  the 
remainder  ends  up  as  Palco  Pete — 
used  as  an  aerator  in  gardens  and  on 
lawns. 

Now  a  lightweight  insulation  roof¬ 
ing  board  is  being  made  of  a  mixture 
of  bark  and  wood  paste.  A  liquid  by¬ 
product  of  this  process  is  being  uti¬ 
lized  for  chemical  purposes. 

All  of  the  above  brief  outline 
merely  details  some  of  the  efforts  of 
the  personnel  on  the  payroll  of  The 
Pacific  Lumber  Company.  We  do  not 
want  you  to  get  the  idea  that  we  think 
there  is  genius  in  any  form  .  .  con¬ 
cealed  or  otherwise  .  .  connected  with 
these  efforts.  It  is  just  plain  hard  work, 
day  in  and  day  out.  It  is  part  of  a 
planned  sales  program  at  which  we 
work,  good  times  and  bad.  These  la¬ 
bors  lay  the  groundwork  for  those  in 
the  field  who  do  the  real  selling. 

These  "firing  line”  men  include 
salaried  representatives,  wholesalers 
and  commission  men  in  states,  cities, 
and  towns  throughout  the  nation. 
Some  sell  exclusively  for  Palco  while 
to  others  our  line  is  just  one  of  sev¬ 
eral.  Practically  to  a  man,  though, 
they  prize  their  Pacific  Lumber  Com¬ 
pany  connection  and  through  their 
constant  devotion  we  have  been  sold 
"right  up  to  the  hilt”  for  years  on  all 
sizes  and  descriptions  of  stock  from 
inches  thick  by  2%  inches  wide 
by  9  inches  long  up  through  all  thick¬ 
nesses,  widths  and  lengths. 
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17.  F.P.R.S.  Preprint  No.  128  (1950), 
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WOOD  CHIPS 

(Continued  from  page  31) 

$1,000.00  per  car.  These  costs  are 
paid  by  Longview  Fibre  Company. 

Our  investment  in  these  cars 
amounts  to  a  total  of  more  than  one- 
quarter-million  dollars.  It  is  of  course 
essential  that  a  chip  supplier  be  de¬ 
pendable  for  a  number  of  years  so  that 
we  will  have  an  opportunity  to  amor¬ 
tize  this  large  investment  in  transpor¬ 
tation  facilities.  Carloads  of  chips  ar¬ 
riving  at  our  mill  in  Longview  are 
unloaded  by  placing  the  cars  over  an 
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open  pit  which  is  equipped  with  a 
conveyor  at  the  bottom  for  moving 
the  chips  into  the  mill.  It  requires 
approximately  45  minutes  to  unload 
a  car  containing  20  units  measuring 
200  cubic  feet  per  unit. 

The  cost  of  maintaining  the  rail¬ 
road  cars  is  divided  between  the  rail¬ 
road  and  ourselves.  For  example,  on 
the  gondola  car  it  is  our  obligation  to 
maintain  that  equipment  owned  by  us, 
namely  the  extended  wooden  sides 
and  the  rake  used  for  assisting  the 
unloading.  In  the  case  of  the  con¬ 
verted  boxcar  we  must  maintain  the  18 
unloading  doors  and  their  catches,  the 
three  rakes,  bulkheads  and  slope 
sheets.  Repairs  other  than  the  above 
are  paid  for  by  the  carrier. 

The  average  turn-around  from  all 
sources  is  approximately  10  days, 
therefore  each  car  is  capable  of  de¬ 
livering  three  carloads,  or  approxi¬ 
mately  60  units  of  chips  per  month. 

In  addition  to  the  rail  chip  cars  we 
also  operate,  as  a  private  carrier,  a 
fleet  of  11  tractors  and  30  ten-unit 
trailers.  This  equipment  is  used  to 
transport  chips  within  30  to  60  miles 
of  Longview  from  origins  where  rail 
facilities  are  not  available,  or  transit 
time  would  be  excessive.  The  trailers 
are  unloaded  by  backing  the  equipment 
up  a  ramp,  disconnecting  the  trailer 
from  the  tractor  and  lifting  the  trailer 
by  an  overhead  crane  to  about  a  50 
degree  angle.  The  chips  are  dumped 
into  a  hopper  equipped  with  a  con¬ 
veyor  at  the  bottom  to  transport  the 
chips  into  the  mill. 

The  following  figures  on  chip  vol¬ 
umes,  are  for  compacted  units  loaded 
in  a  rail  car. 

Chips  produced  from  residues  of 
sawmills  and  veneer  plants  vary  con¬ 
siderably,  depending  upon  the  type 
of  mill  and  the  grade  of  log  used.  A 
typical  sawmill,  without  barking,  will 
produce  from  .14  to  .21  units  of  chips 
per  thousand  feet  of  lumber  cut.  The 
average  veneer  plant  will  produce  ap¬ 
proximately  5.5  units  per  day  per  mil¬ 
lion  square  feet  per  month,  %-inch 
plywood  basis.  A  veneer  plant  manu¬ 
facturing  plywood  at  the  rate  of  four 
million  square  feet  per  month  (%- 
inch  basis)  will  produce  from  suitable 
residues  approximately  484  units. 

Our  standard  of  chip  quality  will 
allow  only  a  small  amount  of  bark 
and  rot — less  than  1%.  We  cannot 
accept  any  chips  containing  char.  To 
assist  our  suppliers  with  their  prob¬ 
lems  involving  chip  quality,  chipper 
operation  and  car  loading,  we  have  an 
engineer  that  visits  each  supplier  at 
regular  intervals. 

A  sample  of  chips  is  taken  from 
every  rail  car  and  truck  in  order  to 
ascertain  the  quality.  If  any  of  these 
samples  show  below-standard  quality. 


the  supplier  is  contacted  immediately 
by  telephone  and  is  advised  of  the 
difficulty.  Our  field  engineer  is  also 
alerted  and  if  the  situation  does  not 
improve,  he  then  visits  the  supplier 
and  assists  him  in  meeting  our  quality 
specifications. 

Future  expansion  of  chip  produc¬ 
tion  is  dependent  upon  the  market  to 
utilize  the  increased  volume.  Whole 
log  barking  will  in  most  instances 
double  the  volume  of  chips  at  a  saw¬ 
mill,  and  the  recent  introduction  of  the 
Nicholson  Mechanical  Barker  will 
make  it  possible  for  many  small  to 
medium  size  mills  to  install  this  type 
of  equipment. 


MECHANICAL  BARKING 

(Continued  from  page  ^5) 

trogen-fixing,  decay  producing  bac¬ 
teria,  the  bark  will  decompose  in  a 
matter  of  two  or  three  weeks.  Of 
course,  sawdust  can  be  treated  in  the 
same  manner  but  it  takes  longer  to 
break  it  down  and  it  will  not  break 
down  of  itself  in  a  pile  or  in  the 
ground  without  absorbing  considera¬ 
ble  nitrogen  from  whatever  source  it 
may  be  able  to  obtain  it. 

As  to  what  extractives  and  acids 
give  bark  a  low  pH  rating,  tests  made 
by  Twining  show  the  following  re¬ 
sults  on  a  moisture  free  basis: 

This  appears  to  show  that  the  acidity 
comes  from  the  tannin.  The  labora¬ 
tory  found  a  high  percentage  of  non¬ 
tannins  readily  soluble  in  water,  using 
the  standard  tannin  test.  It  did  not 
check  these  non-tannins  carefully  but 
believes  they  show  possibility  of  use 
in  plastics. 

Steam  distillation  of  the  bark  shows 
that  it  is  practically  free  from  pinene, 
santene,  terpene  and  other  volatile 
oils,  esters,  etc.  This  again  is  in  con¬ 
trast  with  the  heartwood  of  the  trees 
from  which  the  bark  was  removed. 

Powdered  bark  was  also  extracted 
with  various  solvents  with  the  results 
shown  in  the  following  table. 


As  is  usually  the  case,  one  investi¬ 
gation  of  this  kind  always  leads  to 
the  need  for  many  more.  We  hesitate 
to  suggest  the  undertaking  ot  them 
to  this  group  of  men  whose  thought 
and  attention  is  already  directed  in  so 
many  directions,  all  valuable  and  im¬ 
portant  to  the  wood  using  industries. 
All  available  evidence  shows  us  that 
barking  of  logs  can  be  profitable  from 
several  manufacturing  standpoints,  but 
it  is  our  belief  and  opinion  that  the 
major  benefits  will  only  be  achieved 
when  research  has  pointed  the  way  for 
bark  to  play  a  major  role  in  agricul¬ 
ture  and  industry. 


HYDRAULIC  BARKING 
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The  following  intermediate  sizes, 
sometimes  called  the  "unit”  type,  having 
42"  turning  wheels,  have  been  furnished 
for: 


11.  Columbia  River  Paper  Mills,  Van¬ 
couver,  Washington. 

12.  Oregon  Pulp  &  Paper  Co.,  Salem, 
Oregon 

*13.  Weyerhaeuser  Timber  Co.  Mill  "C”, 
Everett,  Washington 

The  "package”  type  Barker  with  36 
turning  wheels  for  up  to  10'  logs  has 
been  furnished  for: 

14.  Rayonier,  Incorporated,  Hoquiam, 
Washington 

15.  Publisher’s  Paper,  Inc.,  Oregon  City, 
Oregon 

For  the  sawmills  barking  up  to  42' 
or  44'  logs,  72"  to  80"  in  diameter,  we 
have  furnished  or  are  furnishing  the 
following: 

16.  Weyerhaeuser  Timber  Co.,  Mill 
"B”,  Everett,  Washington 

17.  Weyerhaeuser  Timber  Company, 
North  Bend,  Oregon 

**18.  Weyerhaeuser  Timber  Company, 
Enumclaw,  Washington 
*19.  Union  Lumber  Company,  Fort 
Bragg,  California 


*  Signifies  machines  which  are  to  be  shipped 
during  the  first  half  of  195}. 

*•  To  be  in  operation  during  May,  195}. 
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change  of  gases,  including  oxygen  and 
carbon  dioxide  and  the  production  of 
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Table  3. — EXTRACTIVES  OF  BARK  OBTAINED 

■  VARIOUS 


BY  TREATING  WATER  FREE  MATERIAL  WITH 
SOLVENTS 
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Solvent 


Petroleum  ether  extract _ 

Ethyl  ether  extract . . 

Methyl  alcohol  (Methanol) . 

Isopropyl  alcohol  (Isoproponal)  extract. 

Benzol  extract _ 

Carbon  Tetrachloride  extract _ 

Water  extract _ _ 


White  Fir 

Sugar  Pine 

Ponderosa  Pine 

1.09% 

1.06% 

1.26% 

7.69% 

2.10% 

2.40% 

16.04% 

18.18% 

6.98% 

12.86% 

14.55% 

5.00% 

1.46% 

1.04% 

1.19% 

1.33% 

1.05% 

1.34% 

18.70% 

24.38% 

11.33% 

The  largest  extracts,  obtained  by 
Methanol  and  Isoproponal,  were  the 
only  ones  in  amounts  high  enough  to 
be  of  commercial  value,  if  practical 
use  can  be  found  and  market  estab¬ 
lished.  This  has  not  been  attempted 
as  yet  but  we  hope  to  do  it  or  get 
someone  to  do  it  for  us  in  the  not  too 
far  distant  future. 


water  vapour.  In  decay  studies,  where 
fungi  are  held  in  closed  containers  un¬ 
der  laboratory  observation,  it  is  essen¬ 
tial  that  adequate  venting  should  be 
provided,  if  the  organism  is  to  con¬ 
tinue  normal  growth.  If  provision  is 
not  made  for  the  exchange  of  gases, 
and  a  metabolic  equilibrium  main¬ 
tained  in  this  respect,  many  cultures 
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will  be  suffocated,  wholly  or  partially. 
Conversely,  persistence  of  fungal 
growth  within  a  closed  culture  jar  for 
Jong  periods  is  sufficient  evidence  that, 
although  the  jar  is  closed,  an  imper¬ 
fect  seal  exists  which  allows  some 
gaseous  exchange. 


Rate  of  Decay 


The  results  of  the  work  herein  re- 
jjorted  indicate  that  the  rate  of  decay 
in  wood  blocks,  measured  by  the  loss 
in  weight  over  a  specified  period,  in 
thoroughly  sealed  but  vented  soil  jars, 
is  more  constant  than  in  jars  capped 
hy  other  means,  and  is  also  sufficiently 
rapid.  Furthermore,  the  soil  moisture 
content  was  higher  and  more  constant 
within  the  vented  jars  than  in  jars 
aerated  by  other  means.  While  a  quite 
high  moisture  content  is  to  be  desired 
for  the  substratum  in  decay  studies, 
the  fact  that  this  condition  was  more 
nearly  constant  in  the  vented  jars  is 
of  greater  significance. 

As  the  vent  of  the  type  described  en¬ 
sures  a  positive  and  uniform  means 
of  aeration,  the  gaseous  exchange  ac¬ 
companying  the  decay  processes  is 
standardized  for  all  soil  jars  covered 
in  this  manner,  and  no  variation  in 
the  behaviour  of  cultures  contained  in 
the  jars  can  be  attributed  to  erratic 
ventilation. 

A  measured  degree  of  ventilation 
can  produce  an  approach  to  uniformity 
in  the  effect  of  fungal  attack  on  wood 
blocks  within  a  series  of  soil  jars  as 
regards  destruction  of  the  wood  mate¬ 
rial,  and  it  can  also  maintain  a  high 
moisture  content  in  the  soil  which  is 
practically  uniform  over  a  series  of 
jars.  There  is  lack  of  uniformity  in 
the  moisture  contents  of  the  blocks  at 
the  end  of  the  exposure  period.  In 
this  series  of  tests  there  was  variation 
in  the  final  moisture  contents  of  the 
decayed  blocks,  even  within  the  same 
jar.  These  moisture  contents  are  re¬ 
lated  to  the  metabolism  of  the  fungi 
concerned,  to  the  amount  of  mycelium 
allowed  to  remain  upon  or  contained 
‘  within  the  test  blocks,  and  to  the 
humidity  of  the  air  supply  provided 
through  the  vents. 


BILGEWATER 
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month.  Solutions  containing  borax, 
however,  chemically  damaged  blocks 
of  white  oak  and  mahogany  and  there¬ 
fore  would  not  be  safe  in  bilgewater 
in  contact  with  wood  of  hardwood 
species.  The  more  promising  chemi¬ 
cals  had  little  or  no  adverse  effect  on 
the  constituents  of  wood  responsible 
for  its  natural  decay  resistance;  conse¬ 
quently,  their  presence  in  bilgewater 
would  not  make  the  associated  wood 
more  decay  susceptible  if  treatment  of 
the  bilgewater  were  discontinued. 


(Continued  from  page  78) 

of  slight  water  solubility  would,  if 
the  solutions  were  sufficiently  fungi¬ 
static,  be  most  practical  to  use  since 
they  could  be  maintained  in  the  bilge 
for  long  periods  without  replenish¬ 
ment  despite  frequent  pumping  out  of 
the  bilgewater. 

The  solutions  of  all  the  chemicals 
increased  substantially  the  decay  re¬ 
sistance  of  blocks  that  had  been  soaked 
in  the  solutions  for  a  period  of  1 


Although  not  superior  in  all  re¬ 
spects,  orthophenylphenol  and  penta- 
chlorophenol  appear  to  possess  most 
fully  the  following  desired  qualities  of 
a  bilgewater  chemical :  low  solubility  in 
water,  capacity  of  the  saturated  water 
solutions  to  completely  inhibit  fungus 
development,  safety  in  handling  with 
ordinary  precautions,  harmlessness  to 
wood,  non-corrosiveness  to  metal  fas¬ 
tenings,  freedom  from  objectionable 
odor,  and  low  cost.  Blocks  of  suscepti¬ 
ble  pine  sapw(X)d  treated  for  1  month 
with  saturated  water  solutions  of  these 
chemicals  had  about  20  to  80  per¬ 
cent  less  decay  than  comparable  un¬ 
treated  blocks.  In  Petri-dish  tests  the 
solutions  prevented  growth  of  all 
fungi  used  and  in  most  cases  killed 
them.  Judging  from  these  results, 
bilgewater  saturated  with  orthophenyl¬ 
phenol  or  with  pentachlorophenol 
might  be  expected  to  preserve  any 
wood  that  is  wetted  by  it  frequently  or 
exclusively. 
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is  entirely  satisfied  with 


Ohio  Valley:  Many  men  from 
industries  in  the  Ohio  Valley  have  at¬ 
tended  the  demonstrations  at  the  Labo¬ 
ratory,  although  no  demonstrations 
have  been  held  in  the  area.  It  is  from 
this  area  that  we  have  received  a  sig¬ 
nificant  report  on  the  benefits  of  new 
Forest  Products  Laboratory  kiln 
schedules. 


One  kiln  operator  used  the  new 
schedule  for  500,000  board  feet  of 
8/4  maple.  The  schedule  worked  very 
well.  He  found  less  surface  checking, 
less  end  checking,  and  not  nearly  so 
much  warping.  He  got  much  more 
even,  or  uniform,  drying  than  before. 
In  the  drying  of  4/4  to  6/4  poplar 
he  used  our  new  schedule  as  a  start¬ 
ing  point  down  to  20  percent  mois¬ 
ture  content.  Then,  on  the  basis  of 
his  knowledge  of  drying  fundamen¬ 
tals,  he  shifted  to  a  200  °  F.  tempera¬ 
ture  and  a  40  °  wet-bulb  depression. 
He  reported  that  at  the  end  of  the 
run  he  had  a  softer  board  with  little. 


if  any,  case-hardening.  He  still  em¬ 
ployed  the  equalizing  treatment,  which 
he  considered  very  important  to  finish 
all  the  lumber  to  the  same  moisture 
content. 

Present  Status  and  the  Future 

This  brings  us  to  the  question  as  to 
what  the  kiln-drying  operators  and  the 
industry  are  doing  at  the  present  time 
and  what  provision  is  being  made  for 
future  advances. 

Interchange  of  Information  on 
Hand:  The  men  who  have  partici¬ 
pated  in  the  kiln-drying  demonstra¬ 
tions,  and  others  vitally  interested  in 
advancing  seasoning  practice,  have  set 
up  among  themselves  1 3  separate 
kiln-drying  clubs  or  associations.  These 
associations  meet  regularly  throughout 
the  year  to  hear  basic  papers  or  to  in¬ 
terchange  experiences.  The  meetings 
are  very 'well  attended.  Just  a  few 
days  ago  the  New  England  and  the 
Keystone  kiln-drying  associations  met 
together  at  Chicopee,  Mass.,  with  160 
men  in  attendance.  In  the  middle  of 
May  all  the  western  clubs,  the  South¬ 
ern  California,  the  Central  Califor¬ 
nia,  the  Northern  California-Southern 
Oregon,  the  West  Coast,  the  Wash- 
ington-Idaho-Montana,  and  the  East¬ 
ern  Oregon-Southern  Idaho  groups 
will  hold  their  annual  joint  meetings 
at  Boise,  Idaho,  with  an  attendance 
of  as  many  or  more  in  prospect. 

The  kiln-drying  demonstrations  are 
now  being  put  on  by  forestry  schools 
and  state  institutions  in  various  parts 
of  the  country,  with  the  Forest  Prod¬ 
ucts  Laboratory  assisting.  Additional 
2 -week  sessions  will  be  held  at  the 
Laboratory  if  demand  develops. 

The  Forest  Products  Research  So¬ 
ciety  has  been  active  in  promoting  sea¬ 
soning  advancement.  Numerous  fun¬ 
damental  and  applied  research  papers 
have  been  presented  at  the  annual 
meetings.  These  meetings  will  con¬ 
tinue  to  be  a  good  forum  for  this  type 
of  paper.  Many  seasoning  papers  have 
been  presented  at  the  FPRS  section 
meetings. 

In  addition,  the  Forest  Products 
Research  Society  has  set  up  a  Wood 
Drying  Committee.  This  committee  is 
interested  in  coordinating  the  research 
that  is  being  done  in  the  field  of  lum¬ 
ber  seasoning  and  in  helping  to  pub- 
li.sh  in  news-digest  form  some  of  the 
talks  presented  at  the  dry-kiln  associa¬ 
tion  meetings.  The  committee  also  will 
be  of  assistance  in  getting  some  of 
these  talks  printed  in  the  FPRS 
Journal. 

The  Forest  Products  Laboratory  is 
now  bringing  together  and  condensing 
the  most  vital  of  its  information  on 
kiln  drying  into  a  new  kiln  opera¬ 
tor’s  manual.  The  contacts  that  the 
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Laboratory  personnel  has  had  with  the 
industry  will  be  very  helpful  in  mak¬ 
ing  this  new  publication  a  useful  tool 
for  the  industry  as  a  whole. 

New  Research;  Although  the  sea¬ 
soning  accomplishment  of  the  past  7 
years,  built  on  at  least  50  years  of  re¬ 
search,  have  been  tremendous,  no  in¬ 
dustry  can  rest  on  its  laurels.  There 
js  no  question  but  what  labor  and 
other  costs  will  continue  to  rise.  To 
stay  in  business,  the  wood-using  in¬ 
dustry  must  keep  the  prices  of  its 
products  within  the  reach  of  the  pur¬ 
chasers. 

Research  is  being  done  at  the  For¬ 
est  Products  Laboratory  for  the  ad¬ 
vancement  of  kiln  schedules  from  their 
present  stage,  which  we  consider  high 
standards,  to  optimum  schedules.  Stud¬ 
ies  are  being  made  of  the  stresses  that 
develop  in  the  wood  during  drying 
and  the  ability  of  the  wood' at  differ¬ 
ent  stages  of  drying  to  withstand 
these  stresses.  If  this  research  can  be 
carried  out  in  the  near  future,  the  in¬ 
dustry  can  expect  a  whole  new  series 
of  optimum  kiln  schedules  in  5  to  10 
years.  By  this  time  well-trained  kiln 
operators  and  properly  functioning 
kiln  equipment  will  be  the  rule 
throughout  the  industry  rather  than  the 
above-average  situations.  The  Labora¬ 
tory  is  ready  now,  however,  to  work 
with  individual  operators. 

Economical  kiln-operating  condi¬ 
tions  are  also  scheduled  for  early  re¬ 
search.  Some  of  the  kiln  companies 
and  certain  kiln  operators  have  been 
recommending  and  using  part-time 
operation.  They  believe  this  reduces 
costs,  although  they  realize  that  dry¬ 
ing  times  are  lengthened.  The  Labo¬ 
ratory  is  completing  equipment  by 
which  it  can  carefully  check  various 
combinations  of  the  full-time  or  part- 
time  heating,  humidity  control,  and 
air  circulation.  This  research  will  be 
designed  to  determine  the  exact  econo¬ 
mies  of  the  various  methods  so  that 
imlividual  companies  can  apply  the 
information  to  their  own  situations. 

Furthermore,  it  must  be  realized  by 
research  personnel  and  industry  opera¬ 
tors  alike  that  all  the  answers  cannot 
possibly  come  from  one  laboratory.  It 
is  therefore  expected  that  many  of  the 

f)robIems  will  be  solved  by  state  col- 
eges,  other  research  institutions,  and 
industrial  laboratories.  It  is  also  hoped 
that  the  graduate  schools  of  the  uni¬ 
versities  will  enter  more  strongly  into 
fundamental  research  in  the  drying  of 
wood,  to  help  advance  the  technology 
on  a  broader  front.  Then  there  has  to 
be  a  continuous  testing  and  probing 
of  Ihe  research  results  by  the  produc¬ 
ing  and  manufacturing  industries  or 
the  results  will  not  fit  the  needs. 


Abstracts 


The  preparation  of  abstracts  from  world  literature  in  many  languages  is  so  highly 
specialized  and  costly  that  the  Forest  Products  Research  Society  has  no  abstractrig  service 
of  its  own.  For  the  abstracts  in  this  issue  of  the  JOURNAL  the  Society  is  itJebted  to 
the  respective  abstract  journals  indicated,  from  which  they  have  been  selected  with  the 
kind  permission  of  the  editors.  Readers  wishing  information  in  addition  to  that  given 
in  these  abstracts  should  consult  the  original  articles  referred  to.  Copies  or  ::dditional 
information  can  not  be  supplied  by  FPRS  or  the  abstract  journal.  The  journals  from 
which  abstracts  are  published  in  this  issue  are  as  follows: 

BULLETIN  OF  THE  INSTITUTE  OF  PAPER  CHEMISTRY,  published  monthly 
at  Appleton,  Wisconsin  by  the  Institute  of  Paper  Chemistry,  subscription  price  $25  per 
year.  This  Bulletin  publishes  over  3,600  abstracts  per  year  on  subjects  of  interest  to  manu¬ 
facturers  of  pulp,  paper,  fiber  board  and  allied  products. 

CHEMICAL  ABSTRACTS,  published  semimonthly  by  the  American  Chemical  Society, 
Executive  Office — 1155  Sixteenth  Street,  NW,  Washington  6,  D.  C.,  subscription  price 
$60  per  year  plus  postage.  This  abstract  journal  publishes  many  thousands  of  abstracts 
annually  with  broad  coverage  of  world  literature  in  the  entire  field  of  chemistry  and 
allied  subjects. 

FOREST  PRODUCTS  AND  UTILIvATION  ABSTRACTS  are  published  quarterly 
by  the  Commonwealth  Agricultural  Bureaux  of  London,  England,  as  a  separate  reprint 
of  decimal  sections  3,  7,  and  8  of  Forestry  Abstracts,  for  the  facility  of  those  interested 
chiefly  in  the  field  of  wood  utilization.  The  abstracts  are  prepared  by  the  Commonwealth 
Forestry  Bureau,  Oxford,  England,  and  the  utilization  section  contains  about  1,200  titles 
and  abstracts  per  year  from  literature  in  some  30  languages  and  covers  all  aspects  of  forest 
utilization  from  cutting  and  extraction  through  marketing,  mechanical,  and  chemical  proc¬ 
essing  to  minor  forest  products.  FPRS  members  interested  in  obtaining  the  complete  issues 
of  Forest  Products  and  Utilization  Abstracts  should  communicate  with  the  Secretary  of 
the  Society. 

TECHNICAL  BULLETIN  OF  THE  FURNITURE  DEVELOPMENT  COUNCIL  is 
published  bimonthly  by  the  Council  at  11  Adelphi  Terrace,  London  W.  C.  2,  England. 
The  Technical  Bulletin  publishes  hundreds  of  abstracts  and  reviews  from  world  literature 
annually,  relating  to  the  various  phases  of  the  furniture  manufacturing  industry.  Subscrip¬ 
tion  price  is  $5  per  year. 


Timber  Harvesting  and  Lumber 
Manufacturing 

Bocko,  N.  A.,  and  Perfilov,  M.  A. 
Rabota  na  lesozagotovkah  v  nocnoe 
vremja.  {Night  work  on  felling 
sites.}  Lesn.  Prom.  11  (10),  1951 
(4-10).  [Russ.] 

An  illustrated  description  of  light¬ 
ing  installations  on  felling  sites,  en¬ 
abling  skidding  and  loading  at  the 
forest  depot  to  be  done  at  night.  In 
accordance  with  a  Soviet  standard 
(GOST  3825-47),  the  illumination 
near  winches  and  electric  (transfor¬ 
mer)  stations  should  be  1  lux,  that 
required  for  the  coupling,  uncoupling, 
and  loading  of  tree-length  and  other 
logs  should  be  0-5  lux,  while  in  other 
places  (auxiliary  equipment)  an  il¬ 
lumination  of  0-2  lux  is  sufficient. 
Theoretical  considerations  and  prac¬ 
tical  experience  both  show  that  best 
results  are  obtained  with  floodlights; 
the  floodlight  projector  used  in  the 
U.S.S.R.  has  a  power  of  1000  watts 
(220  volts),  and  weighs  23  kg.  Three 
projectors  of  this  type  (and  a  fourth 
for  use  in  foggy  weather)  are  fixed 
to  a  frame  that  can  be  rotated  round 
a  vertical  axis  at  a  height  of  20  m,  on 
a  pole  erected  near  each  TL-3  winch. 
The  current  is  taken  from  the  trans¬ 
portable  electric  station  (40-60  KW.) 
supplying  power  to  the  winches. 
When  skidding  is  done  with  tractors 
the  low-power  station  supplying  en¬ 
ergy  to  power  saws  cannot  serve  as  an 


efficient  source  of  lighting  current. 
The  places  where  tree-length  logs  are 
bundled  can  be  illuminated  by  the  rear 
lamps  of  the  tractor  (for  this  purpose, 
a  second  lamp,  rotatable  like  the  stand¬ 
ard  lamp,  is  attached  to  the  rear  of  the 
tractor  cabin).  In  addition,  the  work¬ 
ing  position  of  each  choker-operator 
should  be  illuminated  by  two  500- 
watt  lamps  suspended  at  a  height  of 
8-10  m.  Working  positions  in  the 
forest  depot  are  illuminated  with  200- 
to  500-watt  lamps  suspended  also  at 
8-10  m.  height.  [(Forestry  Abstracts, 
V.  14,  No.  3] 

Rodionov,  V.  1.  Morskie  samoza- 
tjagivajusciesja  ploty.  {Sea-going, 
self-tightening  rafts.}  Lesn.  Prom.  12 
(3),  1952  (10-2).  [Russ.]  ' 

An  illustrated  description  of  new 
sea-going  rafts  suggested  in  1950  by 
Samburskil,  and  characterized  by  a 
self -tightening  mechanism  by  means 
of  a  towiine  passing  through  a  pulley 
system  fixed  along  the  raft.  The  raft 
(ca.  90  m.  long)  consists  mainly  of 
6-5-m.  logs  arranged  in  staggered  lay¬ 
ers.  The  permanent  transverse  binding 
consists  of  28  basic  and  25  additional 
chains,  while  longitudinal  stiffening  is 
effected  by  one  bottom  (keel)  and  two 
upper  (deck)  cables.  On  the  two  lat¬ 
ter  are  fixed  staggered  pulleys,  through 
all  of  which  a  tow-line  passes.  At 
each  end  of  the  raft  it  also  passes 
through  a  locking  clamp;  if  one  of 
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tnese  is  released  and  tractive  force  ap- 
lied  to  the  line,  the  whole  system  is 
re-lockcd.  Two  experimental  rafts  of 
this  design  were  floated  on  the  Caspian 
from  Astrakhan  to  Baku,  and  proved 
superior  in  all  respects  to  rafts  of 
orthodox*  design;  in  particular  25% 
less  gear  was  required  and  the  ’tech¬ 
nical’  [average?]  speed  was  20-30% 
greater.  [Forestry  Abstracts,  V.  14, 
No.  3] 

Tuovinen,  A.  Uppoaminen  uiton 
alkuvaiheessa.  {Sinking  in  the  initial 
phase  of  floating.}  Tied.,  Metsdteho, 
Msinki  No.  74,  [1952?]  pp.  17. 
.[Fi.e.] 

Floating  experiments  were  made  on 
200  unbarked  Pine  logs  of  unbarked 
4-m.  Pine  pulpwood,  200  logs  of  un¬ 
barked  4-m.  Spruce  pulpwood,  200 
partly  barked  6-ft.  Pine  pitprops  after 
storage  in  the  forest,  75  2-m.  logs  of 
strip-barked  Birch  and  75  of  Aspen 
both  after  storage  in  the  forest.  Re¬ 
sults,  shown  in  graphs  and  tables  with 
English  legends,  include  the  follow¬ 
ing:  (1)  There  were  no  sinkers 
among  the  unbarked  Pine  logs  but  at 
the  3rd  measurement  (24  days  after 
floating  began)  those  waterlogged  and 
of  poor  buoyancy  totalled  2-6%, 
mostly  among  logs  with  little  heart- 
wood.  The  rate  of  sinking  (reduction 
in  floating  height  as  a  %  of  diameter) 
decreased  during  the  floating  period  in 
logs  with  little  heartwood,  and  in¬ 
creased  with  logs  of  high  heartwood 
%.  (2)  Results  of  floating  unbarked 
Pine  pulpwood  were  poor.  Sinkers 
were  more  numerous  in  small-  than 
in  large-diameter  classes.  Logs  contain¬ 
ing  less  than  20%  heartwood  should 
have  a  minimum  diameter  of  17-18 
cm.;  with  10-30%,  16  cm;  with  30- 
40%,  15-16  cm.;  and  with  over 
40%  heartwood,  logs  with  top  end 
diameter  of  10  cm.  can  be  economi- 
*  cally  floated  at  least  for  a  time.  (3) 
Spmce  pulpwood  contained  much  more 
heartwood  than  Pine.  Despite  their 
lower  density,  the  floating  height  of 
Spruce  logs  was  little  better  than  that 
of  Pine  of  the  same  diameter  and 
heartwood  classes.  (4)  Pine  pit-props 
floated  excellently  after  piling,  in  spite 
of  small  diameters  and  low  heartwood 
%.  (5)  The  Birch  logs,  which  were 
also  of  small  diameter,  lost  floating 
height  rapidly  during  the  period,  the 
number  of  sinkers  increasing  with 
floating  time.  (6)  Among  the  Aspen 
logs,  which  were  of  larger  diameter, 
there  were  no  sinkers  and  floating 
height  remained  good.  [Forestry  Ab¬ 
stracts,  V.  14,  No.  3]  —  , 


Wood  and  Its  Properties 

Rault,  J.  P.,  and  Marsh,  £.  K.  The 
incidence  and  sylvicultural  implica¬ 
tions  of  spiral  grain  in  Pinus  L^gi- 
folia  Rob.  in  South  Africa  and  its 
effect  on  converted  timber.  Forest 
Products  Institute,  Pretoria.  1952. 
pp.  21.  6  refs.  [Commonwealth  For¬ 
estry  Conference,  Canada,  1952.] 

The  recognition  of  spiral  grain, 
variations  in  spirality  at  various 
levels  in  the  tree,  and  the  utilization 
of  spiral-grained  timber  are  con¬ 
sidered.  It  is  pointed  out  that  the 
most  significant  factor  in  limiting 
the  utilization  of  spiral-grained  tim¬ 
ber  is  the  amount  which  a  board 
twists  in  drying.  This  was  found  to 
be  governed  by  the  diameter  of  the 
log  and  the  degree  of  angular  spiral¬ 
ity  in  it.  The  maximum  amount  of 
twist  in  seasoning  permissible  in 
boards  used  for  box  shooks  is  con¬ 
sidered  to  be  12®  per  10  ft.  length, 
and  in  those  used  for  structural  tim¬ 
ber  10®  per  10  ft.  length.  The 
angular  spirality  at  various  d  i  a  - 
meters  at  which  these  maxima  are 
reached  is  determined  by  graphical 
means  and  presented  in  tabular 
form. 

The  incidence  of  spirality  in 
stands  of  P.  longifolia  in  So.  Africa 
was  determined  from  observations 
taken  in  300  sample  plots,  and  is  pre¬ 
sented  in  tabular  form.  The  data  give 
evidence  that  genetic  factors,  age, 
site  quality  and  rate  of  growth  have 
effect  on  spirality  but  that  effects  of 
soil  type,  climate,  and  aspect  are  not 
significant.  Stems  of  22  trees  were 
analysed  and  the  relation  between  the 
mean  length  of  a  completed  turn  of  a 
spiral,  its  mid-diameter  and  angular 
spirality  is  examined  and  leads  to  the 
conclusion  that,  in  trees  of  given  age 
and  inherent  potential  spirality,  an¬ 
gular  spirality  is  directly  proportional 
to  mean  annual  increment  in  d.b.h. 
Trees  of  low  potential  spirality  increase 
slowly  in  angular  spirality  up  to  the 
age  of  10  years,  more  rapidly  between 
10  and  20  years,  and  reach  a  maxi¬ 
mum  at  30  years,  which  is  maintained 
until  the  age  of  60  years  when  a 
gradual  decrease  begins  to  take  effect. 
Trees  of  medium  potential  spirality 
increase  in  angular  spirality  slightly 
more  rapidly  than  those  of  the  previ¬ 
ous  type  up  to  the  age  of  10  years, 
decidedly  more  rapidly  between  10 
and  20  years,  at  which  stage  they 
reach  a  higher  maximum  which  is 
maintained  until  50  years,  whereafter 
there  is  a  gradual  decrease.  Trees  of 
high  potential  spirality  increase  very 
rapidly  in  angular  spirality  to  a  still 
higher  maximum,  which  is  reached  at 
10  years,  maintained  tm  to  30  years, 
^d>.  thereafter  -fajfs  off-more^  rapidly^ 


than  in  the  previous  types.  In  trees 
of  normal  growth  pattern,  in  which 
mean  annual  increment  in  d.b.h.  ac¬ 
celerates  up  to  the  age  of  20  years  and 
falls  off  thereafter,  both  increase  and 
decrease  in  angular  spirality  are  ac¬ 
celerated  and  the  turning  point  occurs 
at  earlier  ages. 

It  is  concluded  that  spirality  nuy 
be  controlled  either  by  restriction  of 
diameter  increment  or  by  establishing 
sources  from  which  seed  of  low  poten¬ 
tial  spirality  may  be  collected.  The 
second  alternative  is  preferred  and  a 
means  df  establishing  such  sources  is 
suggested.  From  authors’  summary. 
[For.  Prod.  Util.  Abs.,  V.  13,  No.  5] 

The  timber  trade:  a  Financial 
Times  survey.  Financial  Times,  Lon¬ 
don  19  Jan.,  1953.  pp.  28. 

Contains  20  papers  by  different  au¬ 
thors  on  supply,  markets  and  dis¬ 
tribution;  the  use  of  timber  in  indus¬ 
try,  mining,  and  for  flooring;  saw¬ 
milling;  preservation;  the  plywood, 
fibre-  and  building-board,  joinery  and 
furniture  industries;  research  and  de¬ 
velopment;  and  the  Timber  Trade 
Federation  and  Forestry  Commission. 
[Forestry  Abstracts,  V.  14,  No.  3] 

Woods,  R.  P.  (World  review  of 
the  newer  timbers  and  their  commer¬ 
cial  uses.  In  Timber  Progress  and 
Desk  Book  for  1953,  Cleaver-Hume 
Press,  London.  1952.  pp.  31—46. 

Lists  some  of  the  timbers  recently 
imported  from  Africa,  S.  America, 
and  S.E.  Asia,  and  gives  a  table  show¬ 
ing  common  and  scientific  names, 
weight/cu.  ft.,  origin,  and  actual  and 
possible  uses  of  some  40  species.  [For¬ 
estry  Abstracts,  V.  14,  No.  3] 

Jane,  F.  W.  The  structure  of  new 
timbers.  In  Timber  Progress  and 
Desk  Book  for  1953,  Cleaver-Hume 
Press,  London.  1952.  pp.  20-30. 

Discusses  the  properties  of  a  num¬ 
ber  of  timbers,  both  softwood  and 
hardwood,  that  have  become  available 
in  some  quantity  since  the  war,  and 
gives  photomicrographs  of  Araucaria 
angustifolia,  Anisoptera  sp.,  Lophira 
alata  var.  procera,  Phoebe  porosa, 
Daniella  fosteri,  Koompassia  malac- 
censis  and  Afrormosia  elata.  [Forestry 
Abstracts,  V.  14,  No.  3] 

Mello,  £.  Cunha.  Parque  Nacional 
do  Itatiaia.  Estudo  den^ologico  de 
essencias  florestais  do  Parque  Na¬ 
cional  de  Itatiaia  e  os  caracteres 
anatomicos  de  seus  lenhos.  {Itatiaia 
National  Park.  A  dendrological 
study  of  forest  species  of  Itatiaia  Na¬ 
tional  Park  {Brazil},  and  the  ana¬ 
tomic^  .characteristic^  of  the  woods.}. 

W 


Boletim,  Serv'tqo  Florestal,  Ministerio 
da  Agrkultura,  Rio  de  Janeiro  No.  2, 
1950.  pp.  174.  46  refs.  [Port.  port. 
f.e.g.]  X. 

Anatomical  studies  of  30  hardwood 
species,  with  descriptions  of  the  trees. 
[Forestry  Abstracts,  V.  14,  No.  3] 

Greenidge,  K.  N.  H.  An  approach 
to  the  study  of  vessel  length  in  hard¬ 
wood  species.  Amer.  /.  Bot.  39  (8), 
1952  (570-4).  22  refs.  O.B.D. 

A  survey  of  total  vessel  length  in  8 
diffuse-porous  and  3  ring-porous  spe¬ 
cies  has  revealed  marked  differences  in 
the  length  of  the  conducting  elements 
of  these  two  structural  types.  In  the 
more  highly  specialized  forms,  a  single 
vessel  may  extend  from  the  secondary 
wood  of  the  terminals  of  the  upper 
crown  to  ground  level  and  possibly 
into  the  root  system.  In  diffuse-porous 
species,  however,  the  water-conducting 
elements  are  of  determinate  length, 
and  in  healthy,  vigorous,  forest-grown 
material,  total  vessel  length  varies  be¬ 
tween  fairly  well  defined  limits.  The 
results  of  several  independent  lines  of 
investigation  suggest  that  the  vertical 
rates  of  water  conduction  in  large 
woody  stems  may  be  closely  correlated 
with  total  vessel  length.  In  ring-porous 
woods,  moisture  moves  upwards  in 
channels  unobstructed  by  cross-walls 
or  septa.  In  less  highly  specialized 

Dielectric  properties  of  wood. 

Rep.  For.  Prod.  Res.  Bd.,  Land.  19^0, 
1951  (14-5). 

Measurements  have  been  made  of 
the  dielectric  constant  and  power  fac¬ 
tor  for  the  three  principal  directions 
of  the  grain  on  discs  of  12  species, 
conditioned  to  relative  humidities 
(r.h.)  of  30,  60  and  90%.  Both 
dielectric  constant  and  power  factor 
are  greater,  in  some  species  consider¬ 
ably  so,  in  the  longitudinal  than  in 
the  transverse  directions,  and  are  usu¬ 
ally  slightly  greater  for  the  radial  than 
for  the  tangential  direction.  The  di¬ 
electric  constant  in  all  three  directions 
falls  with  increasing  frequency  over 
the  range  examined  (2  kilocycles/ 
sec.  to  40  megacycles/sec.).  The 
curve  of  power  factor  against  fre¬ 
quency,  however,  shows  a  minimum 
at  a  frequency  which  rises  as  the  mois¬ 
ture  content  increases.  At  a  given  fre¬ 
quency  and  moisture  content  the  di¬ 
electric  constant  is  proportional  to 
density  for  all  three  grain  directions; 
this  is  as  yet  unexplained.  There  is 
little  or  no  correlation  between  density 
and  power  factor,  and  when  power 
factor  is  plotted  against  moisture  con¬ 
tent  the  curve  is  divided  into  three 
distinct  regions,  the  power  factor  in¬ 
creasing  from  0-8%  moisture  content, 
remaining  steady  of  decreasing  be¬ 


tween  8  and  14%,  and  increasing 
above  14%.  The  conductivity  of  the 
wood  is  proportional  to  the  product 
of  frequency,  dielectric  constant,  and 
power  factor;  and  the  irregular  behav¬ 
iour  of  the  power  factor  is  reflected 
in  similar,  though  less  marked,  irregu¬ 
larities  in  the  conductivity.  In  all  three 
directions,  at  the  lower  humidities, 
the  logarithm  of  the  conductivity  is 
proportional  to  the  logarithm  of  the 
frequency  over  a  certain  frequency 
range  w'hich  becomes  smaller  as  the 
moisture  content  increases  (50  kilo¬ 
cycles/sec.  to  40  megacycles/sec.  for 
specimens  conditioned  to  30%  r.h., 
and  500  kilocycles/sec.  to  40  mega¬ 
cycles/sec.  for  specimens  conditioned 
to  60%  r.h.).  On  specimens  condi¬ 
tioned  to  90%  r.h.  the  change  of  con¬ 
ductivity  with  frequency  is  much 
less.  [For.  Prod.  Util.  Abs.,  V.  13, 
No.  5] 

Chipboard 

Kollmann,  F.  Herstellung  halb- 
schwerer  Holzspanplatten  im  Trock- 
enverfahren.  [Manufacture  of  me¬ 
dium-weight  chipboards  by  a  dry 
method.}  Holz  Rob-  u.  Werkstoff  10 
(4),  1952  (121-34).  16  refs.  [G.g.} 
P.R. 

A  comprehensive,  illustrated  ac¬ 
count  of  modern  methods  of  manu¬ 
facturing  medium-weight  chipboards 
(sp.  gr.  0.400-0.850),  especially 
l^ards  of  sp.  gr.  0.500-0.700,  with¬ 
out  cooking.  Medium-weight  chip¬ 
boards,  made  in  large  sizes  have  a 
planar  quasi -isotropy  owing  to  the 
chaotic  arrangement  of  the  'chips’. 
Their  properties  depend  upon  (1) 
proportion  and  kind  of  binder,  (2) 
pressure  applied,  and  (3)  form  and 
size  of  'chips’.  Long,  flat  'chips’  give 
a  higher  bending  strength  than  short, 
cylindrical  ones.  Wide,  smooth  'chips’ 
give  a  smooth  surface,  while  narrow 
curled  ones  are  easily  felted.  Large 
'chips’  cause  the  formation  of  loosely- 
knit  spots.  Sawdust  yields  boards  with 
small  mechanical  strength,  even  when 
the  binder  proportion  is  relatively 
high.  Fine  wood-flour  cannot  be  used 
for  the  manufacture  of  chipboards. 
The  best  results  are  obtained  with 
shavings  from  planing  and  peeling, 
and  from  comminuted  veneer  waste. 
Various  machines  for  (1)  peeling  to 
obtain  wide  and  smooth  shavings,  (2) 
preliminary  comminution,  (3)  com¬ 
minution  with  centrifugal  mills  (dis¬ 
integrators)  and  by  chip-cutting,  are 
described  and  illustrated.  Machines  for 
the  drying  of  'chips’  and  for  mixing 
them  with  binders  and  final  process¬ 
ing  machines  are  also  described.  The 
usual  binders  (proportion  not  over 
10%)  are  synthetic  resins  of  the 
phenol  and  urea  type.  The  working 


pressure  for  the  mediiun-weight  chip¬ 
boards  varies  between  7  and  25  kg./ 
sq.  cm.  [For.  Prod.  Util.  Abs.,  V.  13, 
No.  5] 

Voss,  K.  Die  Warmebehandlung 
von  Holzfaser-Hartplatten.  [Heat 
treatment  of  hardboards.}  Holz  Roh- 
u.  Werkstoff  10  (8),  1952  (299- 
305).  14  refs.  [G.g.]  P.R. 

Presents  the  results  of  tests  on  the 
properties  and  behaviour  of  German 
resin-bonded  hardboards  made  from 
softwood  waste  when  subjected  to 
heat  treatment  of  the  order  140-180° 
C./15  min. -50  hr.  Water  sorption 
(after  2,  and  after  24  hr.),  and  swell¬ 
ing  in  water  have  shown  similar  trends 
in  relation  to  the  duration  of  heat 
treatment  and  the  %  decrease  of  water 
sorption  (or  swelling)  compared  with 
untreated  hardboards.  The  respective 
sets  of  curves  during  the  first  5  hr,  or 
so  show  a  rapid  fall  but  thereafter 
nearly  constant  values;  the  higher  the 
temperature  of  heat  treatment  the  bet¬ 
ter  the  quality  of  hardboard  obtained 
after  the  same  period.  Bending  and 
tensile  strength  tests  have  shown 
similar  behaviour:  heat  treatment 
causes  first  a  slight  increase  of 
strength,  which,  as  the  period  of 
treatment  lengthens,  tends  to  a  maxi¬ 
mum  value  (averaging  ca.  10% 
higher  than  for  untreated  specimens) 
after  which  the  strength  value  drops, 
rapidly  for  higher  temperatures,  less 
rapidly  for  lower  temperatures.  Thus 
bending  strength  was  increased  by 
20%  after  1  hour,  and  fell  to  50% 
below  normal  after  13  hr.  treatment 
at  180°;  for  160°,  the  figures  were: 
-f-  16%  after  2-3  hr.,  and  — 28% 
after  30  hr.;  for  150°, -(-  12%  after 
4  hr.,  and  —  18%  after  50  hr.;  and 
for  140°,  -|-  12%  after  12  hr.,  and 
-f-  4%  after  50  hr.  Tests  on  hard¬ 
boards  without  a  resin  binder,  made 
by  alkaline  process,  have  shown  that 
heat  treatment  decreases  their  water 
sorption  and  swelling,  and  increases 
their  bending  strength.  [Forestry  Ab¬ 
stracts,  V.  14,  No.  *3] 

Seasoning 

Campbell,  G.  S.  Sub-project  S.6-5 
— Drying  schedules  for  Mountain 
Ash  (E.  regnans).  Progress  report 
No.  7.  Experiment  S.  6-5/12 — A 
comparison  of  the  effect  of  three- 
shift  and  one-shift  kiln  operation 
on  the  drying  time  of  1-in.  mixed 
sawn  Mountain  Ash  (E.  regnans). 
(First  report.)  Division  of  Forest 
Products,  C.S.I.R.O.,  Melbourne. 
1952.  pp.  9+1  gph.  P.R. 

In  drying  to  a  final  moisture  con¬ 
tent  of  12%  one-shift  (i.e.  discon¬ 
tinuous)  operation  seems  to  require 
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nearly  twice  the  drying  time  required 
for  three-shift  (continuous)  opera¬ 
tion.  The  total  time  during  which  heat 
is  supplied  to  the  kiln  is  much  less  for 
one-shift  operation  than  for  three- 
shift  operation.  From  author’s  sum¬ 
mary.  [Forestry  Abstracts,  V.  14, 
No.  3} 

Netusil,  A.  V.,  and  Goljdblatt, 
B.  A.  Vysokocastotnaja  suska  i  pro- 
pitka  drevesiny.  fHigh-frenquency 
drying  and  impregnation  of  timber.} 
Elektrkestvo,  Moskva  1948  (4),  (12- 
7).  18  refs.  [Russ.russ.]  X. 

Discusses  the  advisability  of  timber 
seasoning  with  R.F.  currents.  Accord¬ 
ing  to  one  of  the  papers  quoted,  over 
3  KWH  was  required  to  remove  1  kg. 
of  moisture  from  timber  when  a  fre¬ 
quency  of  5-60  megacycles/sec.  was 
used,  but  only  1.5  KWH/kg.  with  a 
frequency  of  250-500  kilocycles/sec. 
There  are  several  do2en  medium- wave 
R.F.  seasoning  plants  operating  in 
Russia,  which  handle  timber  up  to  11 
m.  long  and  0.3  m.  square.  Empirical 
relationships  and  formulae  are  pres¬ 
ented  for  calculating  the  losses  of  elec¬ 
trical  energy  in  seasoned  timber,  tak¬ 
ing  the  anisotropy  of  wood  structure 
into  consideration.  A  50-KW  R.F. 
generator  for  timber  seasoning  is  de¬ 
scribed.  Two  types  of  metal-gauze 
electrodes  are  used:  horizontal  and 


vertical.  Irregular  seasoning  due  to 
non-uniform  heating  is  avoided  by  an 
intermittent  seasoning  schedule  in 
which  heating  to  ca.  100“  C.  is  fol¬ 
lowed  by  slow  cooling,  then  subse¬ 
quent  heatings  and  coolings.  The  im¬ 
pregnation  of  timber  so  seasoned  is 
effected  by  simply  dipping  the  hot 
timber  into  the  preservative;  the  vac¬ 
uum  formed  in  the  interior  of  the 
timber  by  the  condensation  of  water 
vapour  draws  the  preservative  into 
the  pores.  [For.  Prod.  Util.  Abs.,  V. 
13,  No.  5] 

Lindenthal,  W.  Wood  swelling 
composition  and  a  joint  produced 
therewith.  U.  S.  Patent  No.  2,380,- 
308,  Dec.  23,  1931.  pp.  6.  P.O. 

A  joint  of  a  mortise-and-tenon  type, 
at  least  one  of  whose  members  is  of 
wood,  and  at  least  one  other  is  im¬ 
pregnated  with  a  composition  con¬ 
sisting  of  4-12  parts  of  natural  resin 
of  acidic  character,  4-12  parts  of  an 
oxygenated  solvent  of  low  molecular 
weight,  and  2-8  parts  of  a  basic  sub¬ 
stance.  [Forestry  Abstracts,  V.  14, 
No.  3] 

Pulp  and  Paper 

Storage  conditions  for  sulfite 
pulpwood.  Christian  Kaijser.  Svensk 
Papperstidn.  55,  173-5(1952). 


Following  a  general  discussion  of 
storage  conditions  for  pulpwood  in 
the  woodyard  and  under  water,  re¬ 
sults  are  given  from  an  investiga¬ 
tion  of  moisture  content  and  its  dis¬ 
tribution  in  logs  stored  under  dif¬ 
ferent  conditions  and  the  effect  of 
resulting  uneven  moisture  distribu¬ 
tion  on  yield  of  sulfite  pulp.  J.  R. 
Salvesen  [Chem.  Abs.  V.  46,  No. 
22.] 


NORTHERN  HARDWOOD 
VENEERS 

ROTARY  CUT 

BIRCH— MAPLE— BASS¬ 
WOOD 

Random  &  Dimensions  Widths 
— Lengths  to  100" 

THE  MAYES  CO. 

INC. 

FLEISCHMANNS,  N.  Y.  Phone  161 


Smart  Lumbermen 

Bank  on  CORLEY 


Yes,  bank  is  the  word  for  Corley.  You  can  increase  your 
bank  deposits  when  you  change  to  Corley  Sawmill  Machinery 
— the  machinery  with  the  profit  built  in. 

And  you  can  bank  on  Corley  for  the  best  values  and  fastest 
service  on  all  your  sawmill  needs. 


SAW  MILLS  •  EDGERS  •  TRIMMERS 

Accessory  Equipment 

SAWS  •  SAW  TEETH  •  SUPPLIES 


CORLEY  MANUFACTURING  CO. 

Chattanooga  1,  Tenn. 

FACTORY  BRANCHES  at  LIHLE  ROCK,  ARK.  and  PORTLAND,  ORE. 
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COMPANY  SUPPORTING  MEMBERS 


ALABAMA 

W.  T.  Smith  Lumber  Co.,  Chapman 
ARKANSAS 

Bradley  Lumber  Co.  of  Arkansas,  Warren 
Crossett  Lumber  Co.,  Crossett 
Dierks  Lumber  &  Coal  Co.,  Mountain  Pine 
Southern  Lumber  Co..  Warren 
CALIFORNIA 

California  Redwood  Association,  San  Francisco 
L.  J.  Carr  &  Co.,  Sacramento 
Crane  Mills,  Corning 
Ivory  Pine  Co.,  Dinuba 
National  Wood  Treating  Corp.,  Oroville 
Scott  Lumber  Co.,  Inc.,  Burney 
Tarter,  Webster  &  Johnson,  Stockton 
E.  K.  Wood  Lumber  Co.,  San  Francisco 
GEORGIA 

Southern  Wood  Preserving  Co.,  Atlanta 
IDAHO 

Potlatch  Forests,  Inc.,  Lewiston 
ILLINOIS 

Greenlee  Tool  Co.,  Rockford 
Edward  Hines  Lumber  Co.,  Chicago 


Johnson  &  Carlson,  Chicago 
Pressed  Steel  Car  Co.,  Inc.,  Chicago 
Sherwin-Williams  Co.,  Chicago 
Steger  Furniture  Mfg.  Co.,  Steger 
Wood  &  Wood  Products,  Chicago 

INDIANA 

I  he  Dunbar  Furniture  Mfg.  Co.,  Berne 
IOWA 

Curtis  Co.  Inc.,  Clinton 
LOUISIANA 

Cunningham  Machinery  Corp.,  Shreveport 
A.  J.  Hodges  Industries,  Inc.,  Shreveport 
Louisiana  Long  Leaf  Lumber  Co.,  Fisher 

MARYLAND 

J.  I.  Wells  Co.,  Salisbury,  Maryland 

MASSACHUSETTS 
Draper  Corp.,  Hopedale 
Heywood-Wakefield  Co.,  Gardner 
A.  G.  Spalding  &  Bros.,  Inc.,  Chicopee 
MICHIGAN 

Baker  Furniture,  Inc.,  Grand  Rapids 
The  Connor  Lumber  Sc  Land  Co.,  Wakefield 


HYDRAULIC  PRESSES 

Black's  hydraulic  laminating  press 
is  designed  for  laboratory  and  ex¬ 
perimental  work  or  light  produc¬ 
tion  operation.  Standard  sizes 
from  1  to  12  or  more  square  feet 
and  pressures  up  to  100  tons.  Now 
available  with  heated  _  platens. 
Variations  may  be  had  in  size  of 
platens,  vertical  opening,  length 
of  stroke,  total  pressure  applied, 
heated  platens  and  fast  closure 
arrangements.  Write  for  BuUetio 
11-P. 


ELECTRIC  PRESSES 

Black's  electric  press  is  fast  and 
efficient  on  laminating  jobs  which 
require  moderate  pressure,  and 
has  proved  to  be  especially  popu¬ 
lar  in  the  laminating  of  flush  doors 
and  plastic  laminates.  Here  is  a 
high  production  press  at  a  low 
initial  cost  which  will  give  con¬ 
tinuous  service  with  an  irreducible 
minimum  of  maintenance  and 
attention.  Write  for  Bulletin  11-E 


*‘H  IH  gMng  ^qulpmut—w  havm  h" 


THE  BLACK  BROTHERS  CO.,  INC. 


HAND  POWERED 
PRESSES 

Black's  all  steel  aircraft  model 
press  is  stronger  and  more  rigid 
than  conventional  presses  .  .  .  has 
wide  flange  main  beams,  double 
corner  posts  and  multiple  strain 
rods.  Designed  for  compact  in¬ 
stallation  requiring  no  blocking 
or  pit.  Offered  in  a  complete 
range  of  sizes  for  every  conceiv¬ 
able  r^uirement.  Also  ten  sizes 
of  sectional  press  units  are  avail¬ 
able.  Write  for  Bulletin  ll-G. 
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B20  9th  St.,  MENDOTA,  ILLINOIS 


The  Dow  Chemical  Co.,  Midland 

Everett  Piano  Co.,  South  Haven 

The  Lloyd  Manufacturing  Co.,  Menominee 

MINNESOTA 

Mereen-Johnson  Machine  Co.,  Minneapolis 
Rilco  Laminated  Products,  Inc.,  St.  Paul 

MISSOURI 

Monsanto  Chemical  Co.,  St.  Louis 
NEVADA 

Vaughn  Millwork  Co.,  Reno 
NEW  YORK 

American  Defibrator,  Inc.,  New  York 
Borden  Co.,  New  York 
Peter  Cooper  Corps.,  Gowanda 
Oval  Wood  Dish  Corp.,  Tupper  Lake 
Reichhold  Chemicals,  Inc.,  N.  Y. 

United  States  Plywood  Corp.,  New  York 
Wood  Metals  Industries,  Inc.,  N.  Y. 

NORTH  CAROLINA 

The  Champion  Paper  &  Fiber  Corp.,  Canton 
Deluxe  Saw  Sc  Tool  Company,  High  Point 

OHIO 

The  Baker  Wood  Preserving  Co.,  Columbus 
The  Baldwin  Co.,  Cincinnati 
Buckeye  Screen  &  Weatherstrip  Co.,  Columbus 
Coe  Manufacturing  Company,  Painesville 
The  Kirk  Sc  Blum  Mfg.  Co.,  Cincinnati 
Moraine  Box  Company,  Dayton 

OREGON 

Cascades  Plywood  Corporation,  Portland 
J.  Neils  Lumber  Co.,  Portland 
Oregon  Lumber  Co.,  Baker 
Stimson  Lumber  Co.,  Forest  Grove 
Timber  Structures,  Inc.,  Portland 
West  Coast  Lumberman's  Assn.,  Portland 

PENNSYLVANIA 
Blaw-Knox  Company,  Pittsburgh 
Firth  Stetling  Steel  Sc  Carbide  Corp.,  Pitts¬ 
burgh 

Frick  Company,  Waynesboro 
Gunnison  Homes,  Inc.,  Harrisburg 
Koppers  Company,  Inc.,  Pittsburgh 
Perkins  Glue  Co.,  Lansdale 

SOUTH  CAROUNA 
Lightsey  Brothers,  Miley 

TENNESSEE 
E.  L.  Bruce  Co.,  Memphis 
Chapman  Chemical  Company,  Memphis 
Memphis  Hardwood  Flooring  Co.,  Memphis 
Tcnn.  Products  &  Chemical  Corp.,  Nashville 
TEXAS 

Wm.  Cameron  Sc  Co.,  Inc..  Waco 
Kirby  Lumber  Corporation,  Houston 
VERMONT 

Fyles  Sc  Rice  Co.,  Inc.,  Bethel 

WASHINGTON 

American  Marietta  Co.,  Seattle 
Deer  Park  Pine  Industry,  Inc.,  Deer  Park 
Douglas  Fir  Plywood  Association,  Tacoma 
Eatonville  Lumber  Co.,  Tacoma 
The  Long-Bell  Lumber  Co.,  Longview 
Simpson  Logging  Co.,  Shelton 
Weyerhaeuser  Timber  Co.,  Tacoma 
WISCONSIN 

The  Buckstaff  Co.,  Oshkosh 
Harnischfegcr  Corp.,  Port  Washington 
Holt  Hardwood  Co.,  Oconto 
Marathon  Corp.,  Rothschild 
Mosinee  Paper  Mills  Co.,  Mosinee 
D.  J.  Murray  Mfg.  Co.,  Wausau 
Paine  Lumber  Co.,  Oshkosh 
Rhinelander  Paper  Co.,  Rhinelander 

ALASKA 

Ketchikan  Spruce  Mills,  Ketchikan 
CANADA 

British  Columbia  Lbr.  Mfrs.  Assn.,  Vancouver, 
B.  C. 

Canadian  Forest  Products  Limited,  New  West¬ 
minster.  B.  C. 

Dominion  Electrohome  Industries.  Ltd., 
Kitchener,  Ont. 

The  Knight  Mfg.  &  Lbr.  Co.  Ltd.,  Meaford. 
Ontario 

MacMillan  &  Bloedel  Limited.  Vancouver, 
B.  C. 

A.  S.  Nicholson  &  Son,  Ltd.,  Burlington, 
Ont. 
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Eastern  Canadian  Section 
Schedules  Fall  Evening  Meeting 

The  Eastern  Canadian  Section  will 
hold  an  evening  dinner  meeting  Octo¬ 
ber  29,  1953,  at  Le  Cercle  Universi- 
taire  de  Montreal,  Montreal,  Ont.,  in 
conjunction  with  the  Canadian  Hard¬ 
wood  and  Veneer  and  Plywood  Ass’n. 
and  the  Quebec  Furniture  Manufactur¬ 
ers’  Ass’n.  Harold  Holdsworth,  Inter¬ 
national  Fiber  Board  and  Plywood 
Sales  Corp.,  Gatineau,  Ont.,  will  give 
a  talk,  illustrated  with  slides,  on  birch 
plywood  grades.  Representatives  of  the 
furniture  industry  will  be  asked  to 
comment. 

Although  the  meeting  is  planned  on 
an  area  basis,  all  members  are  urged 
to  attend. 

Ohio  Valley  Meets 
October  9  at  Cincinnati 

The  Ohio  Valley  Section  of  the 
Forest  Products  Research  Society  will 
hold  its  fall  meeting  October  9,  at  Cin¬ 
cinnati,  Ohio.  The  Baldwin  Piano  Co. 
will  be  host  to  the  meeting.  Those 
attending  will  tour  the  company’s 
plant  and  see  the  many  complex  wood¬ 
working  operations  involved  in  the 
manufacture  of  fine  pianos. 

The  morning  technical  session,  busi¬ 
ness  meeting  and  luncheon  will  be 
held  at  the  Hotel  Alms.  A  luncheon 
speaker  will  discuss  research  and  the 
future  of  wood. 

Further  details  are  available  from 
(Secretary). 

Carolinas— Chesapeake  to  Meet 
at  Richmond  October  23—24 

The  Carolinas-Chesapeake  Section 
will  hold  a  two-day  meeting  at  the 
Jefferson  Hotel,  Richmond,  Virginia, 
October  23-24.  The  meeting  will  con¬ 
sist  of  a  series  of  panel  di.scussions 
covering  subjects  of  regional  interest. 
The  program  will  be  released  shortly. 
Several  field  trips  are  also  being 
planned  in  conjunction  with  the 
meeting. 
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Upper  Mississippi  Valley 
Meeting  at  Duluth,  October  6 

A  one-day  meeting  of  the  Missis¬ 
sippi  Valley  Section  at  Duluth  October 
6  will  feature  debarking  as  the  theme, 
with  a  demonstration  of 'various  types 
of  debarkers  at  the  wood  yard  of 
Superior  Wood  ■  Products  as  a  high¬ 
light.  It  is  expected  that  representa¬ 
tives  of  three  debarker  manufacturers 
will  take  part  in  a  panel  discussion  led 
by  Lee  Hooker,  School  of  Mining  and 
Technology,  Houghton,  Mich. 

Other  papers  will  include  Purchas¬ 
ing  Wood  By  Weight,  by  Harold 
Olson,  Wood  Conversion  Co.,  Cloquet, 
Minn.,  and  the  luncheon  address  by 
Fred  J.  Voss,  Vice-president  and  Chief 
Engineer  of  the  Duluth,  Missabe  and 
Iron  Range  Railway.  Mr.  Voss  will 
present  the  story  behind  the  decision 
of  his  company  to  make  a  major  rail 
line  extension  to  Forest  Center,  Minn., 
to  serve  forest  products  industries. 

At  a  Paul  Bunyan  Smoker  the  eve¬ 
ning  of  Oct.  5,  Dana  Worrell  of  Hal¬ 
verson  Trees,  Inc.,  will  describe  the 
harvesting  and  chemical  treatment  of 
Christmas  trees  on  a  mass  production 
basis. 

For  further  information  about  this 
meeting  contact  William  A.  Kluender, 
Section  Secretary,  Chicago  and  North¬ 
western  Railway,  275  East  Fourth  St., 
St.  Paul  I,  Minn. 

Fall  Great  Lakes  Meeting 
to  Study  HF  Bonding 

Great  Lakes  Section  plans  a  fall 
meeting  the  first  week  in  November 
at  Grand  Rapids,  Mich.  The  program 
will  be  devoted  entirely  to  high  fre¬ 
quency  bonding  equipment  and  its  use. 

Ohio  Valley 
Nominating  Committee 

Recently  announced  Nominating 
Committee  for  the  Ohio  Valley  Sec¬ 
tion  is  as  follows:  Richard  K.  Stem, 
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Chester  B.  Stem  Co.,  New  Albany, 
Ind.,  Chairman;  Hal  Moser,  Gamble 
Bros.,  Inc.,  Louisville,  Ky.;  and  Ralph 
K.  Day,  Central  States  Experiment 
Station,  Columbus,  Ohio. 

- - - ^ 

IMPORTANT  FPRS  DATES 

Oct.  6,  1953:  Upper  Mississippi 
Valley  Section  Meeting  at 
Duluth,  Minn. 

Oct.  9,  1953:  Ohio  Valley  Sec¬ 
tion  Meeting  at  Cincinnati, 
Ohio.  (Host  plant:  Baldwin 
Piano  Co.) 

Oct.  13,  1953:  Pacific  North- 
I  west  Section  Meeting  at 
Seattle,  Wash. 

Oct.  23—24,  1953:  Carolinas- 
Chesapeake  Section  Meet¬ 
ing  at  Richmond,  Va. 

Oct.  29,  1953:  Eastern  Cana¬ 
dian  Section  Meeting  at 
Montreal,  Ont. 

Oct.  30—31,  1953:  Florida- 
Georgia— Alabama  Section 
Meeting  at  Radium  Springs, 
Ga. 

Nov.  5—6,  1953:  Northeast 
Section  Meeting  at  New 
Haven,  Conn. 

Nov.  9—10,  1953:  Deep  South 
Section  Meeting  at  Lufkin, 
Texas. 

Early  Nov.,  1953:  Great  Lakes 
Section  Meeting  at  Grand 
Rapids,  Mich. 

Nov.  (first  week),  1953:  Mid¬ 
west  Section  Meeting  at  Chi¬ 
cago,  III. 

March  4—5,  1954:  Eastern 
Canadian  Section  Meeting 
at  Chateua  Laurior,  Ottawa. 


Knife  Nomenclature 

At  a  July  23  meeting  of  the  Knife 
Nomenclature  Subcommittee  of  the 
FPRS  Machine  and  Equipment  Subject 
Matter  Committee  preliminary  discus¬ 
sion  of  nomenclature  problems  took 
place,  as  well  as  discussion  on  the  first 
draft  of  the  knife  drawings.  A  revised 
sketch  was  drawn  up  and  approved. 
L.  A.  Patronsky,  Chairman  of  the 
Committee,  will  contact  various  manu¬ 
facturers  of  knives  and  woodworking 
equipment  to  elicit  their  comments  on 
the  drawings.  Next  meeting  of  the 
committee  is  scheduled  for  the  week 
of  Sept.  14  at  the  Blackstone  hotel, 
Chicago  in  connection  with  the  meet¬ 
ing  of  the  Ass’n.  of  Mfgrs.  of  Wood¬ 
working  Machinery.  Rex  Reynolds, 
Kennametal  Inc.,  will  arrange  exact 
time  and  meeting  place. 


INDUSTRY  NEWS 

North  Carolina  Forestry  Association 
to  Sponsor  Equipment  Show  at 
Fall  Meeting  in  Lenoir,  N.  C. 

The  biggest  and  best  logging  and 
equipment  show  ever  held  in  the 
South  will  be  held  at  the  Patterson 
School  for  Boys,  Lenoir,  N.  C.,  on 
September  23  and  24,  according  to 
James  T.  Broyhill,  General  Chairman 
of  the  meeting.  Under  the  sponsorship 
of  the  North  Carolina  Forestry  Asso¬ 
ciation,  the  show  is  open  to  everyone 
with  no  charge,  for  admission. 

According  to  Roy  M.  Carter  and 
John  L.  Gray,  Show  Committeemen, 
over  fifty  dealers  have  already  signed 
for  space  in  the  exhibits.  Facilities  for 
this  show  include  a  large  field  for  out¬ 
door  equipment  exhibits,  a  logging 
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SAFE!— Cannot  "kick-back;”  all  moving  parts  completely  enclosed  or  guarded;  blades  can  never 
strike  the  table;  all  controls  located  within  easy  reach  at  a  safe  distance  from  the  moving  stock. 

ACCURATE  !— "Finish"  cuts  up  to  '/s'  deep.  One  turn  of  hand-wheel  raises  table  exactly 
VERSATILE!— Handles  any  material  from  '/s*  to  13'  x  5'  stock.  Also  6'  pieces  unbutted. 

EASY  TO  OPERATE!  —  Recessed  magnetic  switch  provides  obsolete  control. 

Blades  individually  adjustable  —  quick,  accurate;  cutterhead  easily  and  quickly  changed. 

A  c.  LONG-LIVED!— Properly  engineered, 

ruggedly  built.  Worm  gearing  lubricated 
outomatically.  Only  with 

CUT  COSTS!  — "Finish"  cuts  eliminate 
vxtra  operations.  _ 
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area  for  in-the-woods  demonstrations, 
and  a  large  tent  for  displays  and  non¬ 
operating  equipment  which  must  be 
set  up  under  shelter.  In  addition  the 
facilities  of  the  School  Gym  will  be 
available  and  meals  will  be  available 
to  those  attending  through  conces¬ 
sionaires.  Every  type  of  equipment  will 
be  shown,  and  whether  it  is  run  by 
electricity,  gasoline,  or  other  fuel,  pro¬ 
visions  for  running  same  will  be  avail¬ 
able  in  the  space  set  aside  for  the 
show. 

Any  company  or  individual  who  de¬ 
sires  to  exhibit  equipment  is  asked  to 
contact  the  North  Carolina  Forestry 
Association,  Drawer  2946,  Raleigh, 
N.  C.,  and  complete  information  will 
be  mailed.  In  sponsoring  this  Equip¬ 
ment  Show  in  connection  with  its  Fall 
Meeting  at  Lenoir,  N.  C.,  the  North 
Carolina  Forestry  Association,  under 
its  present  president,  Roger  W.  Wol¬ 
cott,  Raleigh,  hopes  to  bring  the  fur¬ 
niture  and  wood  using  industries 
closer  to  the  wood  producing  indus¬ 
tries.  A  sufficient  supply  of  raw  mate¬ 
rials  is  essential  to  the  future  operation 
of  the  wood  using  industries  in  North 
Carolina,  and  good  forestry  practices 
by  the  wood  producers,  with  the 
proper  use  of  machinery  and  labor 
saving  devices  will  assure  a  future 
supply  of  wood. 

New  Testing  Machine 
Installed  at  VPI 

The  latest  type  universal  testing 
machine  with  a  double  torque-bar 
weighting  unit  has  just  been  installed 
in  the  air-conditioned  Wood  Research 
Laboratory  of  the  Virginia  Polytech¬ 
nic  Institute.  The  electrically  con¬ 
trolled  machine  has  a  capacity  of 
12,000  pounds  and  a  sensitivity  of 
one-tenth  of  a  pound.  It  is  provided 
with  an  automatic  electronic  recorder 
to  produce  stress-strain  curves  at  mag¬ 
nifications  from  1:1  to  1000:1. 

The  machine  was  made  available  by 
the  V.P.I.  Research  Foundation  with 
funds  coming  from  industries  that 
have  been  served  by  the  Laboratory. 
It  is  to  be  used  esnecially  for  research 
on  fastening  wood,  particularly  as 
concerns  nails  and  staples. 

Puipwood  Handling 

A  recent  two-day  meeting  of  the 
Technical  Committee  of  the  American 
Puipwood  Ass’n.  held  at  Old  Town, 
Me.,  was  devoted  to  field  trips  to  view 
puipwood  hauling  and  handling 
equipment  in  operation,  and  to  a 
series  of  technical  papers. 

Walton  Smith  Promoted 

Walton  R.  Smith,  has  been  pro¬ 
moted  to  Chief  of  the  Forest  Utiliza¬ 
tion  Service  at  the  Southeastern  Ex¬ 
periment  Station,  Ashville,  N.  C. 
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Except  for  two  years  as  president 
of  Walton  Lumber  Co.,  Smith  has 
been  with  FUS  since  its  organization 
in  1944.  He  has  served  with  the  U.  S. 
Forest  Service  for  18  years  throughout 
the  southern  states  and  at  the  Forest 
Products  Laboratory  in  Madison,  Wis. 

Smith’s  work  as  Chief  of  FUS  at 
Ashville  involves  representing  the 
Forest  Products  Laboratory  in  contract 
with  industries  from  Virginia  to 
Florida. 

Hickory  -  Utilization 

Committee  Chairmen  of  the  newly 
formed  "Hickory  Task  Force”  met  at 
the  Southeastern  Forest  Experiment 
Station,  Asheville,  N.  C.,  July  23-24, 
and  made  nlans  for  the  preparation  of 
more  than  20  reports  over  the  next 
three  years  on  various  problems  per¬ 
taining  to  the  development  of  new 
markets  for  the  increasing  quantities  of 
medium  and  low  grade  hickory  found 
in  eastern  forests.  The  meeting  was 
a  follow-up  of  an  original  meeting  in 
April  at  which  federal,  state  and  in¬ 
dustrial  representatives  launched  at  3- 
to  5-year  program  to  promote  the 
increased  utilization  of  hickory. 

Committee  Chairmen  attending  the 
Asheville  meeting  were  as  follows; 
Executive  Committee  Chairman,  Wal¬ 
ton  R.  Smith,  Southeastern  Forest  Ex¬ 


periment  Station,  Asheville,  N.  C.; 
Growth  and  Properties,  John  T. 
Drow,  Forest  Products  Laboratory, 
Madison,  Wis.;  Primary  and  Sec¬ 
ondary  Manufacturing  and  Seasoning; 
Roy  M.  Carter,  School  of  Forestry, 
N.  C.  State  College,  Raleigh,  N.  C.; 
Products  Manufactured  from  Hickory, 
W.  N.  Darwin,  Chief,  Forest  Utiliza¬ 
tion  Section,  Tennessee  Valley  Au¬ 
thority,  Norris,  Tenn.;  Treating  and 
Uses  of  Treated  Hickory,  Monie  S. 
Hudson,  Research  Chemist,  Taylor- 
Colquitt  Company,  Spartanburg,  S.  C. ; 
Hickory  for  Fiber  and  Fuel,  C.  E. 
Libby,  Professor  of  N.  C.  State  Col¬ 
lege,  Raleigh,  N.  C.;  Marketing  of 
Hickory,  Richard  D.  Lane,  Central 
States  Forest  Experiment  Station,  Car- 
bondale.  Ill.  Roger  Anderson,  Duke 
University,  Chairman  of  the  Commit¬ 
tee  on  Enemies  of  Hickory,  was  unable 
to  attend,  but  was  represented  by 
George  H.  Hepting  as  Acting  Chair¬ 
man. 

Chemical  Barking  Research 

Reporting  on  results  of  a  two-year 
old  resarch  program  sponsored  by  13 
firms  in  the  pulp  and  paper  industry. 
W.  S.  Bromley  of  the  Chemical  De¬ 
barking  Research  Project,  220  E.  42nd 
St.,  New  York  City,  states  that  results 
to  date  indicate  that  chemicals  daubed 


on  trees  girdled  for  pulpwood  har¬ 
vesting  is  practical  and  should  be 
beneficial  to  the  industry’. 

"Chemically-treated  trees  may  be 
peeled  during  eight  to  ten  months  of 
the  year,  whereas  sap  peeling  can  be 
done  for  only  eight  to  twelve  weeks,” 
Bromley  explains.  Thus  steady  work 
throughout  most  of  the  year  is  pos¬ 
sible  for  peeling  crews.  Other  advan¬ 
tages  include:  cleaner  wood  than  with 
mechanical  debarking;  practically  no 
wood  waste;  use  of  crooked  trees 
otherwise  hard  to  debark;  and  oppor¬ 
tunity  for  better  forest  management 
practices. 

New  Designated  Representative 
for  Gunnison  Homes 

With  the  recent  appointment  of 
William  J.  Messingschlager  as  assist¬ 
ant  to  the  President  of  Gunnison 
Homes,  Inc.,  FPRS  Supporting  Mem¬ 
ber,  G.  O.  Johnson,  has  been  ap¬ 
pointed  to  the  position  of  Director  of 
Product  Development  and  Research, 
and  will  hence-forth  serve  as  Desig¬ 
nated  Member  to  the  Society  in  place 
of  Mr.  Messingschlager.  Mr.  Johnson’s 
headquarters  will  be  the  New  Product 
Development  Center  at  Gunnison 
Homes’  new'  plant,  P.  O.  Box  1107, 
Harrisburg,  Penna. 
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Corporate  Change 

The  Colonial  Development  Corp.,  a 
British  Government  Agency  active  in 
developing  timber  resources  in  British 
Guiana,  has  announced  formation  of  a 
new  company,  Greenheart  (Demerara) 
Inc.,  to  take  over  activities  in  U.  S. 
previously  handled  by  Greenheart  and 
Wallaba  Timber  Co.,  Inc.  Address  of 
the  new  firm  is  52  Vanderbilt  Ave., 
New  York  17,  N.  Y. 

Forest  Industry  Teaching  Aids 

1953-54  Bibliography  of  Forest  In¬ 
dustry  Teaching  Aids.  12-page  booklet 
lists  wide  range  of  up-to-the-minute 

New  Publications 

Current  reports,  books,  statistics 
and  other  pertinent  publications  are 
invited  for  review  in  these  columns. 
Address  the  Editor,  FPRS,  Box  2010, 
University  Station,  Madison  5,  Wis. 
Please  Note:  Your  Executive  Office 
has  available  only  one  file  copy  of 
publications  reviewed  in  these  col¬ 
umns.  You  should  request  copies  of 
publications  direct  from  sources  indi¬ 
cated. 

A  Small  Electrically  Heated  Dry 
Kiln.  (Technical  Note  No.  12.) 
Aimed  at  helping  solve  the  wide¬ 
spread  need  for  better  lumber  dry¬ 
ing  methods  for  secondary  wood 
processing  plants  in  the  Tennessee 
Valley,  description  is  given  of  con¬ 
struction  and  operation  of  small  elec¬ 
trically  heated  kiln  that  has  been  in 
operation  long  enough  to  prove  its 
worth.  Data  presented  on  first  seven 
charges  indicate  the  kiln  is  capable  of 
doing  a  good  job  of  commercial  dry¬ 
ing  at  reasonable  cost.  Volumes  of 
charges,  unit  sizes  of  pieces,  begin¬ 
ning  and  final  moisture  content,  dry¬ 
ing  time,  electric  energy,  used,  and 
cost  of  same,  arc  given.  Average 
charge  is  about  5400.  Available: 
Tennessee  Valley  Authority,  Norris, 
Tenn. 

Secondary  Logging.  Recent  study 
reported  in  July  issue  of  Oregon  For¬ 
est  Products  Laboratory  Notes  indicate 
that  in  Douglas  county,  Oregon,  from 
two  to  eight  thousand  board  feet  of 
sawlogs  are  available  on  recently  cut¬ 
over  lands.  This  amounts  to  from  600 
to  1,600  cubic  feet,  or  about  7.5  to 
20  cords.  Many  of  areas  studied  look 
promising  for  secondary  logging  op¬ 
erations.  Available:  Oregon  Forest 
Products  Laboratory,  Corvallis, 
Oregon. 

Ad  Interim  Report  on  Project 
301-B:  Preservative  Treatment  of 
Electric  Fence  Stakes.  Reports  con- 


teaching  aids  now  available  from  indi¬ 
vidual  pulp  and  paper  companies, 
lumber  manufacturers,  plywood  and 
veneer  firms,  and  forestry  associations. 
Special  instructions  are  given  for  or¬ 
dering  in  each  case.  Available:  Ameri¬ 
can  Forest  Products  Industries,  Inc., 
1816  N.  Street,  N.  W.,  Washington  6, 
D.  C. 

Board  Meeting 

The  FPRS  Executive  Board  will 
meet  Sept.  24-25  at  the  Brown  Palace 
hotel,  Denver,  Colorado,  to  act  on 
current  Society  matters  that  require 
decisions  and  action. 


dition  of  some  1,400  2-inch  square 
stakes  treated  with  34  formulations  of 
oil-borne  wood  preservatives.  This  re¬ 
port,  at  end  of  first  five  years  of  test, 
is  not  final  and  no  conclusions  are 
drawn  or  implied.  Available:  U.  of 
Illinois,  Agricultural  Experiment  Sta¬ 
tion,  Urbana,  Ill, 

The  following  publications  are 
available  from  the  U.  S.  Forest 
Products  Laboratory,  Madison  5, 
Wis. 

The  Detection  and  Relief  of  Case- 
Hardening.  (Tech.  Note  No.  213.) 
Case-hardening  results  when  the  sur¬ 
face  of  lumber  becomes  dry  but  cannot 
shrink  fully  because  center  does  not 
shrink  until  later.  Surface  layers  there¬ 
fore  become  set  in  an  expanded  con¬ 
dition  and  when  center  of  lumber  does 
become  dry  and  tries  to  shrink  fully, 
stresses  are  set  up.  Method  for  testing 
for  moisture  content  and  case-harden¬ 
ing  are  explained. 

Diffusion  and  Penetration  Mecha¬ 
nism  of  Liquids  into  Wood.  A.  J. 
Stamm.  (Reprinted  from  Pulp  and 
Paper  Magazine  of  Canada)  Present 
knowledge  of  passage  of  gases, 
vapours,  liquids,  and  dissolved  mate¬ 
rials  through  wood  is  reviewed  by 
considering  the  movement  of  each 
under  different  motivating  forces.  Spe¬ 
cifically,  previous  and  new  data  on  the 
mechanism  of  penetration  of  pulping 
liquors  into  chips  or  blocks  with  chip 
lengths  are  considered.  New  data 
shows  that  the  rate  of  natural  penetra¬ 
tion  of  water  into  wood  in  the  fiber 
direction  at  different  temperatures 
varies  as  the  vapour  pressure  and  the 
inward  diffusion  of  the  vapour. 

Survey  of  Strength  and  Related 
Properties  of  Yellow-Poplar.  R.  F. 
Luxford  and  L.  W.  Wood.  (Report 
No.  1516,  revised)  Tests  reported 
were  made  on  specimens  from  96 
boards  obtained  from  seven  mills  in 


the  southern  Appalachian  district. 
Eleven  stain  and  color  groups  of  sap- 
wood  and  heartwood  were  recognized 
in  stock  used.  Tests  reported  include 
static  bending,  toughness,  compression 
parallel  to  the  grain,  compression  per¬ 
pendicular  to  the  grain,  hardness, 
shear  parallel  to  the  grain,  cleavage, 
and  tension  perpendicular  to  the  grain. 

Plastic  or  Mastic  Coverings  for 
Exterior  Walls  of  Houses.  F.  L. 
Browne,  U.S. F.P.L.  Report  No. 
R1937.  Analyzes  plastic  coverings  be¬ 
ing  promoted  by  applicators.  Suggests 
possible  shortcomings  and  cautions 
against  taking  claims  at  face  value, 
and  faults  such  coverings  are  sup¬ 
posed  to  cure  probably  result  from 
conditions  in  other  fields  than  paints. 
Many  claims  are  not  readily  provable 

Computed  Thermal  Conductivity 
of  Common  Woods.'  (Tech.  Note 
No.  248.)  Formulas  for  expressing 
conductivity,  specific  gravity,  moisture 
content  relationship  are  given.  Chart — 
with  explanation  of  use — is  given  to 
find  thermal  conductivity  of  various 
common  woods. 

Methods  of  Controlling  Humidity 
in  Woodworking  Plants.  (USFPL 
Report  No.  R1612)  Reviews  need 
for  control  of  humidity  control  and 
describes  methods  of  control  includ¬ 
ing  air  conditioning,  heating,  humid¬ 
ification  and  dehumidification. 

List  of  Publications  on  Pulp  and 
Paper.  (USFPL  Report  No.  R444) 
Lists  publications  and  reprints  of  ar¬ 
ticles  under  wide  variety  of  specific 
headings  that  are  currently  available. 
Tells  where  various  papers  can  be 
obtained. 

List  of  Publications  on  The 
Growth,  Structure,  and  Identification 
of  Wood.  (USFPL  Report  No. 
Rl77)  Lists  publications  and  reprints 
of  articles  available  on  subject.  Tells 
where  various  papers  can  be  ob¬ 
tained. 

Protecting  Green  Lumber  from 
Decay  During  Shipment.  (Forest 
Pathology  Special  Relea.se  No.  26) 
Li.sts  various  chemicals  that  are  ef¬ 
fective  in  preventing  decay  in  green 
lumber  during  shipment.  Points  out 
that  infections  that  have  started  dur¬ 
ing  shipment,  but  have  not  yet  done 
real  damage,  too  often  continue  to 
develop  in  later  service  before  wood 
has  a  chance  to  dry. 

Use  of  Engelmann  Spruce  for 
House  Construction.  (Report  No. 
R 1944-1)  De.scribes  various  places 
where  Engelmann  Spruce  may  be 
used  .satisfactorily,  pointing  out  that 
major  uses  will  probably  be  for  stud¬ 
ding,  sheathing,  subflooring  and  so 
forth. 
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PRODUCE  QUALITY  CHIPS 


SAW  MILL  WASTE 


ROUND  WOOD  AND 


VENEER  CORES! 


designed  for 


djidn  j^ewUe  : 

Into  MURCO  wastewood  chippers  go  the  experience  of  more  than  30  years  of 
designing  and  manufacturing  chippers  that  have  proven  successful  all  over  the 
United  States  and  many  foreign  countries  .  .  .  today  D.  J.  Murray  Manufacturing 
Company  is  considered  a  leader  of  chipper  developments  and  modern  design. 

most  flexible  versatile  chipper  design  today  ””””  ^ 

lable  to  pulp  producers.  ^ 

lomically  priced.  ^ 

constructed  .  .  .  few  parts  to  maintain. 

s  production  .  .  .  quality  chips  from  either 
mill  waste,  round  wood  or  veneer  cores. 


The  most  flexible  versatile  chipper  design  today 
available  to  pulp  producers. 

Economically  priced. 

Simply  constructed  .  .  .  few  parts  to  maintain. 

High  production  .  .  .  quality  chips  from  either 
sawmill  waste,  round  wood  or  veneer  cores. 

Quality  chips  obtained  through  more  than  t  knives 
to  the  disc  revolving  at  high  speed  .  .  .  small 
percentage  of  rejects. 

Direct  connected  to  motor  or  “V"-Belt  driven. 

Blower  housing  can  be  furnished  for  pneumatically 
conveying  chips,  if  required. 

Compact  —  small  floor  space  required. 

Made  in  sixes  to  meet  your  mill  requirements. 


Murray  was  first  to  design  and  build 
a  puipwood  chipper  equipped  with 
roller  bearings. 


Murray  was  first  to  apply  synchronous 
motors  on  chipper  shaft. 


0  The  first  Murray  chippers  built  in 
1933  are  still  in  operation  and  par* 
forming  efficiently. 


D.  J.  MURRAY  MANUFACTURING  CO. 


/ 
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TH<^den*Ufe  wit^ 


C.m.LOUSTED  &  CO  ,  me. 

ENGINEERS  AND  MANUFACTURERS 
4000  W.  MARGINAL  WAY  ■  SEATTLE  6,  WASH. 
PHONE  AValon  4000 


All  lumber  drying  problems  are  being  an¬ 
swered  with  efficiency  in  Lovsted  DIRECT-FLO 
installations.  These  units  are  without  ques¬ 
tion  the  most  efficient  kilns  in  operation. 
Reversible  circulation  with  fans  positioned 
to  create  unform  drying  with  lowest  pos¬ 
sible  power  consumption. 

Look  to  Lovsted  engineers  to  bring 
your  own  lumber  seasoning  to  effi¬ 
cient  operation. 

PROFITS  AHEAD  .  .  .  WITH  LOVSTED 


Aili  about  tuccouful  iiMtollattont  at  Corioton  Wood  Product*,  PoyoNo, 
Idabo  (Control  pon»t  obovo)  and  tollovuo  Dry  Klin  Co.,  Solloviroi 
WoUi.  Ibotowl, 


WOOD  PRESERVATIVES 

far  »nn  ampast 


•  DECAY! 


•  STAIN! 


•  TERMITES! 


•  MOISTURE! 


SALES  AGENTS 

MONSANTO  CHEMICAL  CO. 
SANTOPHEN  20  (Pontachlorophonol) 

WYANDOTTE  CHEMICAL  CO. 
NOXTANE  (Sap  Stain) 

EFURD  MACHINE  &  WELDING  CO. 
HURRICANE 

Peelors,  Framera.  Trams,  otc. 


5137  Southwest  Ave. 
St.  Louis  10.  Mo. 


For  Better 

PLYWOOD 


/Ti^  Williams-White 


HOT  PLATE  PRESSES 
are  Truly  Custom  Built 


Perfect  plywood  requires  exacting 
control  of  pressure  and  temperature 
and  a  rigid  frame  section.  These 
are  basic  in  WILLIAMS-WHITE  Hot 
Plate  Presses. 


See  our  representative  nearest  you 
or  v/rite  us  direct  for  full  informa¬ 
tion.  No  obligation  on  your  part, 
of  course. 


f  Representatives: 


ALLIED  NORTHWEST  MACHINE  TOOL  CORP 


Portland,  Oregon 


WILLIAM^WHITE  &  CO.,  Chicago  Office 
J.;E.  Maynard,  Manager 
53  'iWest  Jackson  Boulevard 


WH 


LLIAMS 


WAT  lit  itfftiiCftTj 

CONTAINING  ftfSm*TIT£  J 

PENTAchlorophenoi 


first  choice  ...  of  men 
who  know  wood  preservation 


Since  its  introduction,  WOODLIFE,  the  clean,  penetrating  water  repellent 
preservative  has  been  used  in  ever  increasing  volume  by  the  leading 
Millwork  Manufacturers.  Life  preserving  treatment  of  windows,  doors, 
frames  and  other  wood  products.  They  KNOW,  from  experience,  that 
WOODLIFE  protects  against  swelling,  shrinking,  warping,  checking  and 
grain  raising  caused  by  rapid  moisture  changes  in  wood.  It  kills  decay 
and  stain  fungi  and  effectively  controls  termites  and  other  wotd  destroy¬ 
ing  insects. 

Alto  .  .  .  among  th.  m.n  who  KNOW,  ‘‘Prot.ction  Products"  it  chot.n  for  its 
.ngino.ring  “know-how"  in  trKiling  proc.tt.t — including  ORI-VAC,  th.  mod.m 
vacuum  m.lhod  dov.lop.d  in  th.ir  laboratori.t  and  now  attracting  such  wide  tprMid 
int.r.tt. 


Manufacturers  of 
chemical  preservatives 
since  1921 


Research  Laboratory  and  Plant 


KALAMAZOO,  MICH. 


I  OK 


SEPTEMBER,  1953 
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do  you  know  all 
potentialities  of 
wood  residues? 

CHEMICAL  PROCESSING 
OF  WOOD 


By  ALFRED  J.  STAMM,  Ph.  D. 

Chief,  Division  of  Derived  Products 

and  ELWIN  E.  HARRIS,  Ph.  D. 

Subject  Matter  Specialist  in  Wood  Hydrolysis  and  Lignin  Chemistry 

Forest  Products  Laboratory,  U.  S.  Department  of  Agriculture, 

Madison,  Wisconsin 

contains  all  the  answers. 

A  unique  compilation  of  scattered  data 

This  book  was  written  with  the  object  of  assembling  all 
available  information  on  the  chemical  utilization  of  wood, 
especialiy  of  wood  residues  and  inferior  species  of  wood,  by 
both  conventional  and  new  methods,  to  produce  modified 
wood  products,  pulp  products  and  various  derived  chemicals. 

The  chief  emphasis  is  piaced  on  the  more  recently  devel¬ 
oped  processes  which  have  not  been  previously  included  in 
books.  To  make  this  material  readily  understandable  and 
usable,  introductory  chapters  have  been  devoted  to  the 
fundamental  physical  and  chemical  properties  of  wood. 


-CONTENTS- 


CHAPTER 

1.  Wood  as  a  Chemicai 
Raw  Material. 

2.  The  Constituents  of 
Wood. 

3.  Structure  of  Wood. 

4.  Surface  Properties  of 
Wood. 

5.  Mechanical  and  Ther¬ 
mal  Properties  of  Wood 
and  Wood  Products. 

6.  Drying  Wood. 

7.  Preservative  and  Fire- 
retardant  Treatments  ol 
Wood. 

8.  Modified  Woods. 

9.  Wood-base  Plastics. 

10.  Pulp  and  Paper. 

11.  Pulp  Boards  and  Paper- 
base  Laminates. 

12.  Celluiose  Derivatives. 

13.  Tree  Exudates. 

14.  Destructive  Distillation 
of  Wood. 

15.  Extractives. 

16.  Wood  Hydroiysis. 

17.  Hydrogenation  of  Wood 
and  Wood  Products. 

18.  Miscelianeous  Products 
from  Wood. 


595  pages 


*  illustrated  * 
To  FPRS  members  $10.80 


MAIL  ORDERS  TO: 


$12.00 


WOOD 

pbese® 


IVATION 


Just  Published! 

WOOD 

PRESERVATION 

- Second  Edition - 


New  techniques 

The  manufacture  of  Impreg 
and  Compreg,  the  preparation 
of  Staypak  and  acetyiated 
wood,  new  techniques  for 
molding  these  and  other  prod¬ 
ucts,  wood-base  plastics,  high- 
strength  paper  laminates,  lig- 
nin-fiiied  iaminates,  pulp  pre¬ 
forms,  low-density  core  mate¬ 
rials,  chemical  seasoning  and 
solvent  seasoning  methods, 
hydrogenation  of  lignin  and 
wood,  wood-sugar  molasses, 
fermentation  products,  grow¬ 
ing  yeast  and  wood  sugars, 
and  vanillin  production  from 
wood  are  among  the  many  in¬ 
teresting  topics  covered  in 
this  comprehensive  volume. 

A  critical  review  of  all 
wood  modifying 
processes 

The  book  is  not  a  mere 
compilation  of  literature  data, 
but  a  critical  survey  which 
presents  both  the  favorable 
and  unfavorable  features  of 
each  process,  together  with 
the  economic  limitations. 

Although  It  was  written 
primarily  for  the  chemist  and 
engineer,  the  simple  and 
straightforward  style  will 
make  this  book  profitable 
reading  to  businessmen  and 
executives  who  are  interested 
in  the  utilization  of  our  nat¬ 
ural  resources.  It  is  also  suit¬ 
able  as  a  text,  especially  for 
forestry  schools. 

Interesting  illustrations  and 
an  extensive  bibliography  at 
the  end  of  each  chapter  round 
out  the  value  of  this  book. 


By  George  M.  Hunt  and  George  A.  Garratt 

Here  is  a  completely  up-to-date  guide  book  for  all  interested 
in  the  materials  and  methods  of  prolonging  the  life  of  wood 
or  improving  its  usefulness  by  treatment  with  chemicals  or 
by  sanitary  precautions. 

Hunt  and  tiarratt  cover  the  entire  Held  of  wood  preservation, 
including  the  natural  durability  and  treatability  of  different 
woods  .  .  .  descriptions  of  the  important  fungi  and  insects 
that  damage  wood  in  storage  and  in  use  .  .  .  and  descriptions 
of  the  more  common  wood  preservatives  along  with  methods 
of  evaluating  such  preservatives. 

1*|UH  thin,  you  nee  how  to  protect  logs  and  lumber  from 
deterioration  during  seasoning  and  storage  .  .  .  how  to  pre¬ 
pare  timber  for  treatment  .  .  .  how  to  treat  wood  with 
preservatives  .  .  .  what  the  effect  of  treatment  on  wood  prop¬ 
erties  is.  You  get  a  close  examination  of  equipment  and 
operation  methods  of  treating  plants  .  .  .  fireproofing  chemi¬ 
cals  and  methods  .  .  .  and  the  economic  aspects  of  wood 
preservation.  By  tieorge  .M.  Hunt,  Former  Director,  f.  S. 
Forest  Products  Laborntory,  and  George  A.  Garratt,  Dean, 
Yale  School  of  Forestry,  2nd  Ed.,  44S  pages,  112  Ulus.,  $7.50 
to  FPRS  members  $6.75 

Textbook  of 
WOOD  TECHNOLOGY 

By  H.  P.  Brown,  A.  J.  Panshin,  Professor  of  Forestry, 
Michigan  State  College,  and  C.  C.  Forsaith,  Emeritus 
Professor  of  Wood  Technology,  University  of  New  York, 
College  of  Forestry 

Volume  I  Volume  II 

Structure,  Identification,  The  Physical,  Mechanical, 
Defects,  and  Uses  of  the  and  Chemical  Properties  of 
Commercial  Woods  of  the  the  Commercial  Woods  of 
United  States  the  United  States 

This  volume  meets  your  most  With  this  book  at  hand,  you 
e.vacting  needs  for  practical  have  a  sure  guide  to  what 
information  on  wood  ana-  to  expect  when  wood  is  sub- 
tomy  .  .  .  distinguishing  fea-  jected  to  different  conditions 
tures  of  vanous  wood  species  moisture,  heat,  sound. 

tioii  of  ^wood's  ^by  gl  oss  *ami  electricity.  Here 

niinute  Tlmracters^  etc  basic  principles  of  me- 

U  covers  in  detail 'topics  ‘■Panics  are  discussed  as 
ranging  from  plant  origin  apply  *o  the  strength 

of  wood  to  cambia  of  trees:  properties  of  solid  and  1am- 
from  wood  anatomy  of  inated  wooden  members. 
Northern  white  pine  to  min-  with  a  step-by-step  explan- 
ute  structure  of  porous  ation  of  testing  procedures, 
woods:  from  figures  in  wood  Design  methods  for  struc- 
to  natural  durability  of  tures  give  practical  engi- 
wood  with  respect  to  foreign  neering  guidance.  Basic  facts 
organisms.  Here  is  precise  on  wood  chemistry  offer  an 
reference  data  on  more  than  elementary  understanding  of 
7  domestic  woods.  026  pagen,  this  vast  field.  761  pages, 
222  lllua.,  $7..50  to  FI'RM  163  lllua.,  $10.00  to  FFHM 


mem  hern  $6.7? 


memberH  $0.00 


Forest  Products  Research  Society 

P.  O.  BOX  2010,  UNIVERSITY  STATION, 
MADISON  5,  WISCONSIN 


FOREST  PRODUCTS: 

Their  Sources,  Production,  and  Utilization 

Four  MpeeliiliNtN  draw  on  their  extensive  background  to  give 
you  a  iiock  wlii«-h  thoroughly  covers  proilucts  made  of  wood 
and  those  derivt'd  from  for«‘st  materials.  For  each  product 
they  sliow  the  sources  of  materials,  describe  their  character¬ 
istics,  and  sliow  tile  manufacturing  or  «-onverting  processes. 
Includeil,  too.  is  the  utilization  of  each  product,  key  eco¬ 
nomics  of  the  field — everything  to  give  you  a  quick  view  of 
the  controlling  factors  and  effective  methods  of  good  prac¬ 
tice.  By  A.  .1.  I’liiiMhlii,  l*rof.  of  Forestry,  MIrhIgan  State  Col- 
legt‘,  I't.  S.  linrrar,  I’rof.  of  Wood  Technology,  Duke  Univer¬ 
sity,  I*.  11.  Proctor,  Technical  Director,  firegon  Forest  l*r(Nl- 
iicts  l.nlioriitory,  mid  \% .  .1.  linker.  5-llt  pages,  16.5  illus.,  $6,541 
to  FI*BS  memhers  $.'.^5 

MAIL  ORDERS  TO: 

Forest  Products  Research  Society 

P.  O.  BOX  2010,  UNIVERSITY  STATION 
MADISON  5,  WISCONSIN 
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Fitting  drawers.  The  high  strength  bond  achieved 
in  the  initial  squaring  operatian  provides  a  permanent 
smooth  fit.  Fitted  dovetail  construction  is  strong,  tight, 
and  non-crazing. 


Family  tradition  has  maintained  top  quality  standards  at  the 
Orsenigo  Company  since  it  was  founded  a  century  ago  in  Italy. 
The  company  was  established  in  this  country  in  1 893  and  is 
now  located  in  Westerly,  Rhode  Island.  Orsenigo  makes  fine 
furniture,  much  of  it  for  nationally  known  decorator-architects 
who  specialize  in  complete  institutions. 

Five  years  ago,  Orsenigojfound  it  could  speed  production 
and  maintain  quality  by  using  National’s  WOOD-LOK  glue  for 
assembly  work.  WOOD-LOK  is  ready  for  use.  No  time  lost  in 
preparing  glue.  No  chance  for  error  in  mixing.  And  it  has  a 
storage  and  working  life  of  many  months. 

For  full  information  on  WOOD-LOK,  write— 


ADHESIVES 


270  Madison  Avenue,  New  York  16,  N.  Y. 


K. 


rsaf 


Gluing  and  squaring  cabinets  in  one  operation. 
Mortise  and  tendon  joints  in  the  base  and  blind  mor¬ 
tises  at  the  top.  Since  absolute  squareness  is  necessary, 
glue  must  not  chill  off  or  lose  adhesive  strength  too 
fast,  yet  must  set  rapidly  once  clamps  have  been  tight¬ 
ened  and  squareness  is  assured. 


Putting  the  final  touches  on  Orsenigo's  famous  finish.  WOOD-LOK's 
invisible  glue  line  permits  Orsenigo  to  enhance  its  fine  cabinet  work  with 
superb  finishing. 


Orsenigo’s  Fine  Furniture, 
Famous  for  Quality, 
Assembled  with  WOOD-LOK 


Laying  up  wardrobe  panels  for  institutional  furni¬ 
ture.  Again,  WOOD-LOK's  long  open  assembly  time 
permits  accurate  fitting  and  assures  permanent  square¬ 
ness  of  these  cupboard  sides.  Construction  is  extra 
heavy  to  withstand  rough  handling  in  college  dormi¬ 
tories,  hotels,  hospitals,  and  other  institutions. 
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Applied 


Look  for  These  6  Sips 
of  Good  Motor  Design 


nUUNI  —  KHlid  east  Iron.  Do> 
tionod  to  hold  boorlno  olion* 
moot,  roti(t  corrosion,  omvont 
distortion  undor  any  normal 
oporalino  condition. 


ROTOR  —  Dio  cast  oluminum 
for  maximum  stronotli.  Procti- 
caily  indostructibio  in  service. 


CONDUIT  iOX  —  Provides 
plenty  of  room  to  connect  leads. 
Adiustable  to  any  position.  Lona 
leads  make  connection  easy. 


STATOR  —  Multiple  d^pod, 
baked  after  every  dip.  loMds 
up  touok  protection  aooinct 
beat,  moisture,  corrosion. 


IIARMOS  —  Double  sbieldod 

wMi  provision  for  in-service 
bricotion  if  desired.  Will  run  for 
lono  periods  witbout  attention 
but  con  be  oreosed  if  condi¬ 
tions  demand  it.  Tborouobly 
protected  aoofnst  outside  dirt. 


VOmiATION  —  Drip-proof 
witb  plenty  of  internal  oir  dr- 
culotioa  to  prevent  bot  spots. 


Certified  Service  —  Nearly  100  Allis-Chalmers  Certified 
Service  Shops  provide  factory-approved  parts  and  service 
on  your  Allis-Chalmers  motors.  Screened  for  modern  equip¬ 
ment,  adequate  experience  and  business  integrity,  these  in¬ 
dependently  owned  service  shops  will  provide  you  with 
prompt,  economical  repair  and  maintenance. 

Complete  Drives  from  One  Source  —  Allis-Chalmers  can 
supply  your  complete  drive  —  motor,  control  and  Texrope 
V-belt  drive  —  from  one  convenient,  reliable  source. 

Application  Engineering  —  Your  Allis-Chalmers  District 
Office  representative  or  Authorized  Dealer  will  be  glad  to 
help  you  select  exactly  the  right  motors  for  your  needs. 
For  additional  information,  write  Allis-Chalmers,  Milwau¬ 
kee  1,  Wisconsin,  for  Bulletin  51B6052.  ^ 

Ttxrop*  U  on  Allli-Chalmart  Irodvmark.  ^ 


Sold . . . 


AUIS-CHAUIERS^l^ 


Serviced  . . . 

by  Allit-Cholmert  Aulhoriied  Oittributort. 
Certified  Service  Shops  ond  Soles  Offices 
throughout  the  country. 

CONTROL  —  Motsual, 
magnetic  and  combina¬ 
tion  stortersj  push  but¬ 
ton  stations  and  compo¬ 
nents  for  complete  cets- 
trol  systems. 


JtXKOft  V-belts  In 
all  sixes  and  sections, 
standard  and  Vori- 
fitch  sheaves,  speed 
changers. 


rUMPS  —  Integral  j 
types  from  Ve  In.  i 
to  72  in.  dischorgo  I 
ond  up.  J 


YES,  BELCOBAISA  CORE  STOCK 
COSTS  LESS  TO  BUY-  LESS  TO 
PROCESS-LESS  TO  HANDLE! 


BELCOBALSA  CORE  STOCK  COMES 
CUT-TO-SIZE,  READY  TO  GLUE 


COMPARE  THE  YIELD  OF  BELCOBALSA  WITH  YOUR  PRESENT  CORE  STOCK 

I 

I  Here  is  a  sample  yield  comparison  of  Belcobalsa  with  the  typical  core  stock  now  in  common  use 
,  for  the  manufacture  of  flush  doors.  Whatever  your  product  may  be,  our  engineers  will  be  happy 
,  to  help  you  make  a  similar  comparison  with  any  other  core  stock  you  use,  or  are  considering! 


Because  it  is  delivered  ready  for  glu¬ 
ing  or  dry  assembly,  Belcobalsa 
Certified  Kilndried  Core  Stock  saves 
time,  labor  and  lumber.  Belcobalsa 
comes  dressed,  trimmed  and  ripped 
exactly  to  specifications,  and  bundled 
according  to  size.  Thus,  Belcobalsa 
eliminates  costly  processing,  han¬ 
dling  and  sorting.  And  the  manu¬ 
facturer  avoids  lumber  waste  that 
might  otherwise  run  as  high  as  35% 
of  total  core  stock  purchased.  Yet 
Belcobalsa  is  priced  no  higher  than 
core  stock  delivered  in  random 
lengths  and  widths.  In  other  words, 
Belcobalsa  reaches  the  assembly  line 
at  lower  cost. 


REDUCES  COST  OF  SHIPPING 
YOUR  FINISHED  PRODUCTS 

Belcobalsa  is  the  lightest  in  weight 
of  commercial  woods.  Two  men  can 
easily  unload  a  carload  of  Belcobalsa 
Core  Stock.  Users  of  Belcobalsa 
enjoy  resultant  savings  not  only  in 
initial  handling,  but  in  handling  and 
shipping  of  finished  products.  One 
manufacturer,  for  example,  has 
reported  saving  S600  in  freight 
charges  per  carload  of  finished  goods! 


Standard  Softwood  or 
Hardwood  Core  Stock 

BELCOBALSA 

Grade  delivered 

Dryness  . . 

Finish  . 

Thickness  purchased  . 

Lengths  . 

Widths  . 

No.  2  B  Common  or 
equivalent 

Green 

Rough 

B/4" 

Random 

Random 

Select,  free  of  major  defects 

Certified  KILN  DRIED 

Fine  sow  finish  or  SIS 

7/4' 

Cuttolength 

Cut  to-fixed  widths 

WORK  EFFECTED  AT  DOOR  PLANT 
Kiln  drying  with  corresponding 

shrinkoge  . 

yes 

NO 

Cutting  off  defects  . 

yes 

NO 

Ripping  into  core  strips  . 

yes 

NO 

Trimming  to  length  . 

yes 

NO 

Estimoted  yield  of  core  stock  . 

65% 

100% 

Equivolent  footage  on  4/4"  basis 
including  labor  cost  Figured  in 

boordfeet . 

1,B00  boardfeet 

1,000  boardfeet 

Lumber  needed  per  1,000  square 
feet  of  core 

Hardwood  or  Softwood,  8/4"requir,  , 

3,600  boardfeet 

BELCOBALSA  .  7/4"  requir.  . 

1,750  boardfeet 

Assuming  that  a  solid  core  door  P4" 

X  3-0  X  6-B  has  16  sq.  ft.  of  core: 
1,000  boardfeet  of  hardwood  or 
softwood  will  make  . 

17  Doors 

1,000  boardfeet  of  BELCOBALSA 

will  make  . 

36  Doors 

CERTIFIED  KILNDRIED 

Every  boardfoot  of  Belcobalsa  is  dried 
in  our  own  kilns.  Our  Ecuador  plant 
now  has  12  Moore  Dry  Kilns  with  a 
capacity  of  2,000,000  boardfeet.  This 
means  another  major  saving  in  your 
processing  cost  —  and  it  means  there  is 
no  shrinkage  loss  after  Belcobalsa  is 
delivered  to  you. 

Remember:  Belcobalsa  Certified  Kilndried 
Core  Stock  reduces  the  weight  of  your 
panels  because  of  its  low,  uniform  den> 
sity;  makes  them  warp-resistant  because  of 
its  inherent  stability. 


^  BELCOBALSA  CORE  STOCK 
ELIMINATES  THESE  FIVE 
I  OPERATIONS: 


BELCOBALSA 


Write  For  Complete  Information,  Samples,  Prices, 

BALSA  ECUADOR  LUMBER  CORPORATION 

500  Fifth  Avenue,  New  York  36,  N.  Y.  Pennsylvania  6-0697 


RIPPING 


TRIMMING 


MATTISON 

276 


MOULDER 

•  REDUCED  COST  ON  FITTING 
AND  SANDING  OPERATION 

•  SUBSTANTIALLY  IMPROVED 
QUALITY  OF  MOULDING  WORK 

FOR 

IMPERIAL  FURNITURE  COMPANY 


FINDS  MATTISON  276  .  .  . 


•  Easy  to  set  up 

•  Stays  put 

•  Vertical  and  cross  adjust¬ 
ment  of  Cutterheads  are 
made  quickly  and  positively 

•  Outboard  bearings  elimi¬ 
nate  vibration  in  heavy  cuts 

•  Attached  wrenches  simplify 
setting  of  guides 


IMPERIAt  FURNITURE  COMPANY 

tijic 


GRAND  RAPtOS’2  MICHICAN 


Uarcb  18.  1953 


Wattlson  litehlna  Works 
Rockford,  Illinois 

Oentlemen: 


Early  this  year,  wa  Installad  ona  of  your  No.  276 
Raary-IAity  High  Spead  Electric  Moulders.  We  thought  you 
might  Ilka  to  know  how  wa  are  getting  along  with  this 
machine. 


Here  at  Imperial,  we  manufacture  a  complete  line  of 
high  grade  tables,  and  the  moulder  work  must  be  as  nearly 
perfect  aa  possible  to  reduce  our  sanding  and  fitting 
operations.  With  the  addition  of  this  Mattlson  No.  276, 
the  quality  of  our  moulded  work  has  Improved  substautlally 
while  our  costs  have  gone  down. 

Our  operators  find  this  Hnttlson  No.  276  very  easy 
to  set  up,  due  to  the  accessibility  of  ail  the  adjustments 
and  controls.  Vertical  and  cross  adjustments  of  the  cutter- 
heads  are  made  positively  and  quickly,  and  the  hand  looking 
wrenches  which  are  attached  to  the  machine  simplify  setting 
of  the  guides.  Another  feature  Is  that  It  "stays  put". 

Which  is  no  doubt  due  to  the  rigid  construction,  precision 
manufacture,  and  advanced  engineering  design.  n>e  outboard 
bearings  eliminate  vibration  In  heavy  outs,  end  we  believe 
that  any  hl^  spaed  moulder  spindle  should  have  an  outboard 
bearing. 

We  are  confident  that  this  machine  will  continue  to 
perfotm  efficiently  for  a  great  many  years. 

Tours  very  truly. 


A.  T.  Christy 
Plant  Manager 


•  Imperial  Furniture  Company’s  reputation 
for  building  a  high  quality  line  of  tables  is  in  a 
good  measure  due  to  precise  fabrication  meth¬ 
ods  which  insures  consistently  accurate  re¬ 
sults  and  proper  fitting  of  all  parts.  Mr.  A.  F. 
Christy,  Plant  Manager  of  Imperial,  has  been 
around  the  woodworking  industry  for  a  good 
many  years  and  knows  what  he  wants  and  has  to 
have  in  the  way  of  production  and  accurate 
results.  The  above  letter  telling  of  his  experience 
with  the  Mattison  276  Moulder  is  an  example  of 
what  this  machine  is  doing  for  a  good  many 
others.  For  complete  information  on  the  Matti¬ 
son  276  High  Speed  Electric  Moulder,  ask  us 
to  send  you  our  latest  free  circular. 


MACHINE  WORKS 


ROCKFORD  •  ILLINOIS 


FIRST  IN  DESIGN! 


What  is  the  record  of  the 
Fjellman  &  Winther  Company 
during  the  last  year? 

For  one  thing  ...  15  press  units 
were  installed  by  F.W.  engi¬ 
neers  within  the  last  fiscal  year 
.  .  .  with  all  parties  concerned 
completely  satisfied! 

When  customers  will  take  the 
trouble  to.  write  complimentary 
letters  .  .  .  that's  the  time  a 
company  can  feel  reasonably 
sure  it  is  on  its  way  to  the  top.. 

Satisfied  customers  is  the  rea¬ 
son  for  Fjellman  &  Winther 
Company's  growing  popularity 
.  .  .  and  why  more  and  more 
manufacturers  of  laminates  are 
turning  to  F.W.  engineers  with 
confidence  and  repeat  orders. 

The  name  Fjellman  is  recog- 
ized  as  being  FIRST  in  design 
.  .  .  FIRST  in  QUALITY  .  .  . 
FIRST  in  EXPERIENCE! 


and  our  financing  plan 


Write  for  engineering  data 

Write  for  our  general  catalog 


FIRST  IN  QUALITY! 


FIRST  IN  EXPERIENCE! 


P.  O.  Box  1205 


Telephone  Joliet  9209 


